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H.R. 3970, GREEN CHEMISTRY RESEARCH AND 
DEVELOPMENT ACT OF 2004 


WEDNESDAY, MARCH 17, 2004 

House of Representatives, 

Committee on Science, 

Washington, DC. 

The Committee met, pursuant to call, at 10:00 a.m., in Room 
2318 of the Rayburn House Office Building, Hon. Sherwood L. 
Boehlert [Chairman of the Committee] presiding. 
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HEAHING CHARTER 

COMMITTEE ON SCIENCE 
U.S. HOUSE OF REPRESENTATIVES 

H.R. 3970, Green Chemistry 
Research and Development Act of 2004 

WEDNESDAY, MARCH 17, 2004 
10:00 A.M.-i2:oo p.m. 

2318 RAYBURN HOUSE OFFICE BUILDING 


1. Purpose 

On Wednesday, March 17, 2004 the House Science Committee will hold a hearing 
to examine federal and industry green chemistry research and development (R&D) 
activities, and to receive testimony on H.R. 3970, the Green Chemistry Research and 
Development Act of 2004. This bill would authorize a federal green chemistry R&D 
program. 

2. Witnesses 

Dr. Arden Bement is the Acting Director of the National Science Foundation 
(NSF) while continuing in his position as the Director of the National Institute of 
Standards and Technology (NIST). 

Dr. Paul Gilman is the Assistant Administrator for Research and Development at 
the Environmental Protection Agency (EPA). He also serves as the Agency’s Science 
Advisor. 

Dr. Berkeley Cue is Vice President of Pharmaceutical Sciences at Pfizer Global 
Research and Development. Pfizer, Inc. has established green chemistry teams at 
its facilities throughout the world, and won a 2002 Presidential Green Chemistry 
Challenge Award for the redesign of the sertraline manufacture process. Sertraline 
is the active ingredient in Zoloft, which is used widely in the U.S. to treat depres- 
sion. The new process improves worker and environmental safety, reduces energy 
and water use, and doubles overall product 3 deld. 

Mr. Steven Bradfleld is Vice President of Environmental Development at Shaw 
Industries. Shaw Industries won a 2003 Presidential Green Chemistry Challenge 
Award for the development of EcoWorx™ carpet tile. EcoWorx™ carpet tiles are 
made from low toxicity feedstocks and are recyclable. 

Dr. Edward Woodhouse is Associate Professor of Political Science in the Depart- 
ment of Science & Technology Studies at Rensselaer Polytechnic Institute. Dr. 
Woodhouse studies the social aspects of technological decision-making. 

3. Overarching Questions 

• How has — and how can — effective application of green chemistry products and 
processes contributed to environmental protection and sustainability? What 
are the costs associated with using green chemistry products and processes? 

• How has private industry benefited from, and contributed to, green chemistry 
breakthroughs? To what extent has private industry used green chemistry 
products and processes? What are the primary barriers to increased develop- 
ment and adoption of green chemistry products and processes, and how can 
these barriers be removed? 

• What is the current status of the Federal Government’s efforts in green chem- 
istry R&D? Are expanded federal efforts and increased federal coordination 
in green chemistry warranted? 

• Does H.R. 3970 establish a program that will result in greater R&D break- 
throughs and increased adoption of green chemistry? How can the legislation 
be improved? 

4. Brief Overview 

• Green chemistry is the design of chemical products and processes that reduce 
or eliminate the use or generation of hazardous substances. Green chemistry 
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is a form of pollution prevention — preventing pollution rather than treating 
emissions. 

• A number of success stories have generated a great deal of excitement about 
the significant potential of green chemistry for environmental and economic 
benefit. Implementation of green chemistry at a Dow Chemical plant aimed 
at increasing efficiency and instituting more recycling is showing a 174 per- 
cent annual return on a one-time investment. However, even this highly tout- 
ed example has not been repeated and adoption of green chemistry products 
and processes by industry has been limited. Barriers to greater adoption in- 
clude a workforce unfamiliar with green chemistry, a lack of existing and 
demonstrated alternatives, the sometimes high capital costs of changing proc- 
esses, a lack of regulatory drivers, and inertia. 

• Federal support for green chemistry R&D has also been limited. The most no- 
table effort is the joint-NSF/EPA Technology for a Sustainable Environment 
(TSE) program. The program, which includes, but is not limited to, green 
chemistry activities, awarded $11 million in R&D grants in fiscal years 2002- 
03. Other agencies such as the Department of Energy (DOE) and NIST also 
provide support for green chemistry. 

• EPA also administers the Presidential Green Chemistry Challenge Awards 
Program to recognize advances in and to promote green chemistry. Since 
1996, this program has made 40 awards to businesses and academics that de- 
velop technologies that incorporate the principles of green chemistry and that 
have or can be used by industry. Both Pfizer, Inc. and Shaw Industries have 
recently won this award. 

• On March 16, 2004 Representative Phil Gingrey introduced H.R. 3970, the 
Green Chemistry Research and Development Act of 2004. This legislation 
would establish an Interagency Working Group to coordinate federal green 
chemistry R&D activities and facilitate adoption of green chemistry by the 
private sector. The bill would authorize funding for these activities (from 
within existing authorizations) at NSF, EPA, NIST, and DOE through fiscal 
year 2007. 

5. Background 

What is green chemistry? 

Green chemistry is most commonly defined as chemistry and chemical engineering 
that involves the design of chemical products and processes that reduce or eliminate 
the use or generation of hazardous substances. It is sometimes characterized as “be- 
nign by design” to emphasize that it is green intentionally. Also known as sustain- 
able chemistry, benign chemistry, or source reduction, green chemistry seeks to pre- 
vent the creation of hazards, instead of focusing on limiting the spread of pollutants 
or cleaning up waste. Its practices are encapsulated in twelve generally accepted 
guiding principles (Appendix I) that can be used by chemists to develop processes 
and assess how green a process is. 

Examples of green chemistry include the development of pesticide alternatives 
that are effective at killing target organisms, but are benign to non-target orga- 
nisms and do not persist in the environment. Another example is the use of the Be- 
nign solvent supercritical carbon dioxide in dry cleaning processes instead of toxic 
perchloroethylene. 

Pfizer and Shaw Industries provide good examples of the potential of green chem- 
istry. Pfizer won a 2002 Presidential Green Chemistry Challenge Award for the re- 
design of the sertraline manufacture process. Sertraline is the active ingredient in 
Zoloft, which is used widely in the U.S. to treat depression. By applying green chem- 
istry principles, Pfizer was able to eliminate 140 metric tons per year of titanium 
tetrachloride, 100 metric tons per year of sodium hydroxide, 150 metric tons per 
year of hydrochloric acid, and 440 metric tons per year of solid titanium oxide. 
These changes improve worker and environmental safety, reduce energy and water 
use, and double overall product yield. Shaw Industries won a 2003 Presidential 
Green Chemistry Challenge Award for the development of EcoWorx™ carpet tile. 
Historically, carpet tile backings have been manufactured using polyvinyl chloride 
(PVC). PVC is made from toxic feedstocks and its combustion results in toxic by- 
products such as dioxin and hydrochloric acid. EcoWorx™ carpet tiles are made 
from low toxicity feedstocks and are recyclable. 

What are the benefits of green chemistry? 

Besides the inherent advantages to human health and the environment, green 
chemistry can offer economic advantages and improvements to worker safety, public 
safety, and national security. 
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Many in the private sector have recognized the potential savings that green chem- 
istry offers. For example, by using benign chemical processes, businesses can avoid 
the costs associated with treating or cleaning up pollutants. Other savings can come 
from simply making more efficient use of raw materials (sometimes referred to as 
“atom economy”) and energy. Dow Chemical Company’s Midland, Michigan facility 
is an example of the level of savings a company can achieve. In 1996 Dow partnered 
with the Natural Resources Defense Council to conduct a thorough review of the fa- 
cility’s processes to identify ways to implement more recycling and substitute benign 
materials for hazardous ones. By April 1999, after a one-time investment of $3.1 
million, the facility had reduced emissions of targeted substances by 43 percent and 
the amount of targeted wastes by 37 percent primarily through green chemistry in- 
novations. The improvements are saving Dow $6.4 million per year, a 174 percent 
annual return on investment. ^ However, even though these benefits are clear, this 
process has not been repeated widely by industry and not even by Dow itself. There 
are many barriers to adoption of green chemistry that are discussed later. In this 
case, one barrier was that even though the return on investment was good, Dow had 
other investment opportunities that offered even greater returns. 

Many other inherent advantages come from green chemistry in the areas of work- 
er safety, public safety, and national security. For example, many chemical proc- 
esses are conducted at extreme temperature and/or pressure, two conditions that 
present a potential hazard for workers. Also, many processes involve toxic sub- 
stances. Green chemistry seeks to design processes that can be conducted at or near 
room temperature and pressure, and that use benign substances. Both of these steps 
can improve working conditions for employees, and reduce the costs of liability pro- 
tections for employers. 

Chemical factories also pose a potential threat to public safety because of the pos- 
sibility of an accidental release of toxic materials into the surrounding communities. 
Green chemistry seeks to replace these toxic substances with benign ones, which 
would not pose a threat to the public if accidentally released. Reducing the number 
of toxic chemical plants and the transport of toxic chemicals also improves national 
security by reducing the number of potential terrorist targets. 

'What barriers exist to greater adoption of green chemistry? 

Despite the numerous potential advantages of green chemistry for the chemical 
manufacturing industry, adoption of green chemistry technologies has been limited. 
Significant impediments exist that discourage businesses from pursuing such alter- 
natives. These include: 

• A workforce unfamiliar with green chemistry — The existing chemical 
manufacturing workforce is mainly composed of chemists and chemical engi- 
neers that have little or no training in green chemistry techniques. Even 
today, most graduate chemistry curricula give little attention to green chem- 
istry. Without appropriate personnel trained in green chemistry, a company 
may not know, or be able, to search for and implement green chemistry alter- 
natives to their chemical processes. 

• Lack of existing green chemistry alternatives — Green chemistry alter- 
natives have not yet been designed for most of the chemical processes in use 
today. Developing a green chemistry alternative might be prohibitively expen- 
sive and time consuming, especially for companies that do not have extensive 
R&D programs and when time to market is critical. 

• Lack of demonstrated green ehemistry alternatives — Even for the green 
chemistry alternatives that do exist, many of them have not been proven in 
an industrial setting. Few companies are willing to take the risk of being the 
first to implement a new and unproven technology. 

• Costs of up-front capital investment — U.S. companies have invested heav- 
ily in existing infrastructure. Switching to green chemistry processes might 
require this infrastructure to be extensively retooled, which could make 
adopting green chemistry technologies initially very expensive. Even though 
the process may be economical when costs are computed over the full life 
cycle, many companies may be unwilling to pay the high up-front costs. This 
is one reason why there is more green chemistry adoption in manufacturing 
sectors that turn over their processes more frequently. 

• Lack of regulatory drivers — Few governmental incentives exist for adop- 
tion of green chemistry. Most environmental regulations sanction polluters. 


1 Amato, Ivan, Fortune, New York: July 24, 2000, Vol. 142, Issue 3, pg. 270U. 
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while few reward pollution prevention. The government could make adoption 
of green chemistry more attractive by extending the patent life of green prod- 
ucts or accelerating the approval of products that pose minimal hazard. 

• Inertia — Perhaps the most important impediment to adopting green chem- 
istry technologies is inertia within industry. For a company that already com- 
plies with all existing environmental regulations, there is little impetus to 
seek out and implement alternative processes. Additionally, few companies 
offer incentives to employees that improve environmental performance. This 
lack of motivation often means that only those companies that have made en- 
vironmental sustainability a priority use green chemistry processes. 

H.R. 3970 is designed to overcome some of these impediments. The bill would sup- 
port undergraduate and graduate education in green chemistry. This should help 
create a new generation of chemists and engineers who are familiar with green 
chemistry and its advantages, and can bring those skills to bear in the workplace. 

The coordinated R&D program would support R&D and demonstration projects at 
universities, industry and federal labs, and make the results of these activities read- 
ily available through a green chemistry database of accomplishments and best prac- 
tices. This R&D would develop and demonstrate more green chemistry alternatives 
that will be available for implementation by industry. 

'What is the Federal Government currently doing? 

The Federal Government supports activities related to green chemistry through 
agencies including NSF, EPA, DOE and NIST. In some cases, as with EPA, these 
activities are focused directly on green chemistry. In other cases, such as with DOE, 
these activities are byproducts of efforts to achieve other goals, such as improving 
energy efficiency. Because some green chemistry investments are direct and some 
are indirect, and because green chemistry is not broken out in agency budgets, it 
is difficult to determine the exact federal investment in green chemistry. 

However, it is clear that the investment in green chemistry and chemical engi- 
neering is small as compared to the investment in chemistry and chemical engineer- 
ing as a whole. In 2000, the four agencies mentioned above spent approximately 
$540 million on chemistry and chemical engineering R&D; investment in green 
chemistry R&D was probably close to $40 million. In addition, green chemistry ac- 
tivities are not coordinated among the agencies. 

Following is a table that indicates, in general, agency budgets for green chemistry 
and chemical engineering activities. The table is followed by descriptions of how this 
money is spent. 



EPA 

NSF 

NIST 

Tooe 1 

FY04 funding 

$7 million 

$29 million 

$4 million 

Does not track I 

FY05 proposal 

$5 million 

No change 

No change 

Does not track I 

Total Chemistry and 
Chemical Engineering . 

(2000) i 

i $23 million 

j 

$186 million 

$39 million 

$292 million \ 

1 


EPA conducts two general types of activities in green chemistry. EPA conducts 
and supports R&D through the Office of Research and Development; and EPA con- 
ducts outreach and promotion through the Office of Pollution Prevention and Toxic 
Substances (OPPTS). 

In EY04, EPA will spend approximately $5 million on direct green chemistry and 
chemical engineering R&D. The money comes out of a larger spending category, 
called Pollution Prevention. Approximately half of this money is spent on internal 
R&D, conducted at EPA’s lab in Cincinnati. The lab focuses on developing cross-cut- 
ting tools for industry such as benign solvent design software. The other half of this 
money funds external R&D, through the Science to Achieve Results (STAR) pro- 
gram. As part of this program, EPA and NSF have developed a partnership, the 
Technologies for a Sustainable Environment (TSE) program, which primarily funds 
green chemistry and chemical engineering R&D. 

The TSE program is the external R&D program most focused on green chemistry 
in the Eederal Government. The partnership between EPA and NSF has been hailed 
as a model of cooperation. EPA and NSF put out a joint request for proposals, and 
then award grants based on their own mission. NSF funds more basic green chem- 
istry R&D, while EPA funds more applied R&D aimed at mission oriented problems. 
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TSE was initiated in 1995 and has awarded 204 grants totaling just over $56 mil- 
lion since then. In the FY05 budget, the Administration has proposed to cut EPA’s 
funding for this program entirely. 

EPA conducts outreach and promotes green chemistry (funded at approximately 
$2 million in FY04) through OPPTS. OPPTS administers the Presidential Green 
Chemistry Challenge Award Program. This award, first awarded in 1996 and given 
annually, recognizes achievements in green chemistry. Appendix II includes a num- 
ber of examples of green chemistry achievements that have been recognized by this 
program. In FY05, the Administration proposes to increase funding for pollution 
prevention in OPPTS by $5 million. A portion of this funding will be used for green 
chemistry activities, including expanding the focus of the awards program to ad- 
dress existing and emerging chemical priorities. 

Outside of the TSE collaboration with EPA, NSF does not put out specific solicita- 
tions for green chemistry R&D, but funds a wide range of investigator-driven green 
chemistry R&D. While NSF does not have a specific line item in the budget for 

f reen chemistry activities, NSF estimates that in FY04 it will spend approximately 
10.8 million on green chemistry activities in the chemistry division and $13 million 
on green chemistry activities in the chemical transport systems division. However, 
it is difficult to determine the exact level of investment because much of this fund- 
ing may be used for “multi purpose” fundamental research that has implications for 
green chemistry and other research areas. It is not the intent of the Green Chem- 
istry Research and Development Act to decrease NSF’s investment in green chem- 
istry R&D; instead the bill seeks to focus more NSF funding specifically on R&D 
that is intended to advance green chemistry. 

DOE does not track spending on green chemistry activities, and does not conduct 
activities that it specifically identifies as green chemistry. However, DOE conducts 
R&D that has many green chemistry applications. DOF’s fundamental research ef- 
forts in chemistry are focused on attaining an atomic and molecular level under- 
standing of processes involved in the generation, storage, and use of energy. 

NIST has R&D programs that are 3 delding green chemistry results. NIST’s mis- 
sion is to develop and promote measurements, standards, and technology to enhance 
productivity and improve the quality of life. Much of the R&D conducted within this 
mission has green chemistry applications. For example, the Chemical Science and 
Technology Laboratory produces more accurate measurement methods and stand- 
ards to enable the development and implementation of green technologies and as- 
sess its impact. 

While the agencies above conduct a number of green chemistry-related R&D, 
these efforts are small when compared to their overall R&D, and even the chemistry 
and chemical engineering R&D budgets for these agencies. In addition, the efforts 
are not coordinated and are not strategic in nature. 

6. Summary of H.R. 3970 

The Green Chemistry Research and Development Act would authorize an inter- 
agency green chemistry R&D program. NSF and EPA would lead an Interagency 
Working Group to coordinate federal green chemistry activities. The Working Group 
would also include DOE and NIST, as well as any other agency the President des- 
ignates. The program would be authorized at $26 million in FY05 rising to $30 mil- 
lion in FY07 (from within existing authorizations). See Appendix III for a break 
down of funding by agency. 

The Program would support R&D grants, including grants for university-industry 
partnerships, support green chemistry R&D at federal labs, promote education 
through curricula development and fellowships, and collect and disseminate infor- 
mation about green chemistry. A complete section-by-section analysis of the legisla- 
tion is provided in Appendix III. 

7. Questions for the Witnesses 

Questions for Dr. Bement 

• Please describe the National Science Foundation’s (NSF’s) current activities 
in green chemistry. How much does NSF spend on green chemistry research? 
Through which NSF programs? How much emphasis is placed on basic re- 
search versus applied research and development? 

• To what extent does NSF coordinate and collaborate with other federal agen- 
cies in green chemistry research and development? 

• What are NSF’s views on H.R. 3970, the Green Chemistry Research and De- 
velopment Act of 2004? How could the bill be improved? 
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Questions for Dr. Gilman 

• Please describe the Environmental Protection Agency’s (EPA’s) current activi- 
ties in green chemistry. How much does EPA spend on green chemistry re- 
search? How much of this research is conducted intramurally versus 
extramurally? How much emphasis is placed on basic research versus applied 
research and development? 

• To what extent does EPA coordinate and collaborate with other federal agen- 
cies in green chemistry research and development? 

• What are EPA’s views on H.R. 3970, the Green Chemistry Research and De- 
velopment Act of 2004? How could the bill be improved? 

Questions for Dr. Cue 

• Please describe Pfizer, Inc.’s green chemistry activities. Have past invest- 
ments in green chemistry paid off for Pfizer, Inc.? What environmental and 
human health benefits have resulted from Pfizer, Inc.’s green chemistry ac- 
tivities? 

• What impediments exist that deter companies from pursuing green chemistry 
solutions? What more can the Federal Grovernment do to encourage adoption 
of green chemistry products and processes? 

• What are your views on H.R. 3970, the Green Chemistry Research and Devel- 
opment Act of 2004? How could the bill be improved? 

Questions for Mr. Bradfield 

• Please describe Shaw Industries, Inc.’s green chemistry activities. Have past 
investments in green chemistry paid off for Shaw Industries, Inc.? What envi- 
ronmental and human health benefits have resulted from Shaw Industries, 
Inc.’s green chemistry activities? 

• What impediments exist that deter companies from pursuing green chemistry 
solutions? What more can the Federal Grovernment do to encourage adoption 
of green chemistry products and processes? 

• What are your views on H.R.3970, the Green Chemistry Research and Devel- 
opment Act of 2004? How could the bill be improved? 

Questions for Dr. Woodhouse 

• What is the potential of green chemistry products and processes to contribute 
to environmental protection and sustainability? 

• What are some of the reasons that chemists have for so long relied on “brown 
chemistry”? What are the barriers to more rapid development and adoption 
of green chemistry alternatives? 

• What should the Federal Government do to accelerate development and adop- 
tion of green chemistry products and processes? 

• What are your views on H.R.3970, the Green Chemistry Research and Devel- 
opment Act of 2004? How could the bill be improved? 
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Appendix I 


Twelve Principles of Green Chemistry^ 

1. It is better to prevent waste than to treat or clean up waste after it is 
formed. 

2. Synthetic methods should be designed to maximize the incorporation of all 
materials used in the process into the final product. 

3. Wherever practicable, synthetic methodologies should be designed to use 
and generate substances that possess little or no toxicity to human health 
and the environment. 

4. Chemical products should be designed to preserve efficacy of function while 
reducing toxicity. 

5. The use of auxiliary substances (e.g., solvents, separation agents, etc.) 
should be made unnecessary wherever possible and innocuous when used. 

6. Energy requirements should be recognized for their environmental and eco- 
nomic impacts and should be minimized. Synthetic methods should be con- 
ducted at ambient temperature and pressure. 

7. A raw material of feedstock should be renewable rather than depleting 
wherever technically and economically practicable. 

8. Unnecessary derivatization (blocking group, protection/deprotection, tem- 
porary modification of physical/chemical processes) should be avoided when- 
ever possible. 

9. Catalytic reagents (as selective as possible) are superior to stoichiometric 
reagents. 

10. Chemical products should be designed so that at the end of their function 
they do not persist in the environment and break down into innocuous deg- 
radation products. 

11. Analytical methodologies need to be further developed to allow for real- 
time, in-process monitoring and control prior to the formation of hazardous 
substances. 

12. Substances and the form of a substance used in a chemical process should 
be chosen so as to minimize the potential for chemical accidents, including 
releases, explosions, and fires. 


^Anastas, P.T., Warner, J.C. Green Chemistry: Theory and Practice; Oxford University Press; 
New York, 1998, pg. 30. 
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Appendix II 


Presidential Green Chemistry Challenge Award Winners 

In 1995, the EPA initiated the Presidential Green Chemistry Challenge Award 
program to recognize achievement in green chemistry. Each year since 1996, awards 
have been given out in five categories: academic, small business, alternative syn- 
thetic pathways, alternative solvents/reaction conditions, and designing safer chemi- 
cals. Past winners have included: 

• Pfizer, Inc. developed a green chemistry approach to the manufacture of 
setraline, the active ingredient in the anti-depressant Zoloft®. The new, 
streamlined process is accomplished in a single step instead of three, reduces 
consumption of some raw materials by as much as 60 percent, and uses a sin- 
gle, benign solvent instead of four. As a result, Pfizer, Inc. has improved 
worker and environmental safety, reduced energy and water use, and doubled 
overall product yield. (Alternative Synthetic Pathways Award, 2002) 

• Shaw Industries, Inc. developed a novel type of carpet tile backing made from 
their EcoWorx™ compound. Traditional carpet tile backings are landfilled at 
the end of their useful life. Also, the combustion of PVC backings, the most 
commonly used carpet tile backings, produces toxic byproducts. EcoWorx™, 
on the other hand, is made from low toxicity feedstocks and is recyclable. The 
cost of collection, transportation, and recycling of EcoWorx™ carpet tile 
backings is less than the cost of using virgin raw materials. (Designing Safer 
Chemicals, 2003) 

• SC Fluids, Inc. developed a new technology to improve manufacturing proc- 
esses in the semiconductor industry. The fabrication of integrated circuits cur- 
rently generates an estimated four million gallons of wastewater and uses 
thousands of gallons of corrosive chemicals and hazardous solvents per day. 
Supercritical CO 2 Resist Remover (SCORR) technology offers a cost-effective 
alternative by using supercritical CO 2 to strip resist from the silicon wafer. 
SCORR outperforms conventional resist removal techniques in the areas of 
waste minimization, water use, energy consumption, worker safety, feature 
size compatibility, material compatibility, and cost. (Small Business Award, 
2002) 

• Cargill Dow LLC developed a new family of polymers derived entirely from 
annually renewable resources that is competitive on a cost and performance 
basis with traditional plastics. Called NatureWorks™, it requires 20-50 per- 
cent less fossil resources than comparable petroleum-based plastics, and is 
fully biodegradable or recyclable. (Alternative Solvents ! Reaction Conditions 
Award, 2002) 

• Chemical Specialties, Inc developed an alternative wood preserving product 
called ACQ. More than 95 percent of pressure-treated wood is currently pre- 
served with a chemical known as CCA. To manufacture CCA, approximately 
40 million pounds of arsenic and 64 million pounds of hexavalent chromium 
(both probable carcinogens) are used. These chemicals may pose a risk to chil- 
dren through contact with CCA-treated items such as playground equipment. 
ACQ, however, does not contain arsenic or hexavalent chromium. Widespread 
adoption of ACQ has the potential to nearly eliminate the use of arsenic in 
the U.S., and would eliminate 64 million pounds of hexavelant chromium. 
This would also avoid the risks associated with the production, transpor- 
tation, use and disposal of these chemicals. (Designing Safer Chemicals 
Award, 2002) 

• Biofine, Inc. developed a novel technique to convert biomass waste into lev- 
ulinic acid and its derivatives. Biofine, Inc., in collaboration with the Depart- 
ment of Energy, the New York State Energy Research and Development Au- 
thority, and Biometics, Inc., developed a method to convert biomass waste, in- 
cluding municipal solid waste, unrecyclable municipal waste paper, waste 
wood, and agricultural residues, into levulinic acid and its derivatives, which 
are marketable chemicals in many sectors. One full-scale commercial plant 
could convert 1000 dry tons of waste per day into 160 million pounds per year 
of product. (Small Business Award, 1999) 

• Professor Joseph M. DeSimone from the University of North Carolina at 
Chapel Hill and North Carolina State University initiated a research program 
aimed at dramatically advancing the solubility performance characteristics of 
carbon dioxide (C02). More than 30 billion pounds of organic and halogenated 
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solvents are used each year that have a variety of negative impacts on the 
workplace and the environment. CO 2 has long been recognized as an ideal 
solvent, since it is nontoxic, nonflammable, safe to work with, energy efficient, 
cost-effective, waste minimizing, and reusable. This work has applications in 
the precision cleaning, medical device fabrication, garment care, and chemical 
manufacturing and coating industries. (Academic Award, 1997) 

• BHC Company developed a new process for the manufacture of ibuprofen in 
which virtually all starting materials are either converted to product or are 
recovered and recycled. Using this process, the generation of waste is all but 
eliminated. This process has been hailed as a model of source reduction. (Al- 
ternative Synthetic Pathways Award, 1997) 
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Appendix III 

Section-by-Section Analysis of H.R. 3970, Green Chemistry 
Research and Development Act of 2004 


Sec. 1. Short Title 

“Green Chemistry Research and Development Act of 2004” 

Sec. 2. Definitions 

Defines terms used in the text. 

Sec. 3. Green Chemistry Research and Development Program 

Establishes an interagency research and development (R&D) program to promote 
and coordinate federal green chemistry research, development, demonstration, edu- 
cation, and technology transfer activities. The program will provide sustained sup- 
port for green chemistry R&D through merit-reviewed competitive grants to re- 
searchers, teams of researchers, and university-industry R&D partnerships, and 
through R&D conducted at federal laboratories. 

The program will provide support for, and encouragement of, the application of 
green chemistry through encouragement of consideration of green chemistry in all 
federally-funded chemical science and engineering R&D; examination of methods to 
create incentives for the use of green chemistry; promotion of the education and 
training of undergraduate and graduate students in green chemistry; collection and 
dissemination of information on green chemistry R&D and technology transfer; and 
provision of venues for outreach and dissemination of green chemistry advances 
such as symposia, forums, conferences, and written materials. 

Establishes an interagency working group composed of representatives from the 
National Science Foundation, the National Institute for Standards and Technology, 
the Department of Energy, the Environmental Protection Agency, and any other 
agency that the President may designate, to oversee the planning, management, and 
coordination of all federal green chemistry R&D activities. Names the Director of 
the National Science Foundation and the Assistant Administrator for R&D at the 
Environmental Protection Agency as co-chairs and requires the group to establish 
goals and priorities for the program and provide for interagency coordination, in- 
cluding budget coordination. Requires the group to submit a report to the Com- 
mittee on Science of the House of Representatives and the Committee on Commerce, 
Science and Transportation of the Senate within two years that includes a summary 
of federally-funded green chemistry activities and an analysis of the progress made 
towards the goals and priorities established for the program, including recommenda- 
tions for future program activities. 

Sec. 4. Authorization of Appropriations 

Authorizes appropriations for green chemistry R&D programs, from sums already 
authorized to be appropriated, at the National Science Foundation, the National In- 
stitute of Standards and Technology, the Department of Energy, and the Environ- 
mental Protection Agency. 


Agency 

FY05 (millions $) 

FY06 (millions $) 

FY07 (millions $) 

NSF 

7 

7,5 

8 

NIST 

5 

5,5 

6 

DOE 

7 

7,5 

8 

EPA 

7 

7.5 

8 

Total 

26 

28 

30 


From sums already authorized to be appropriated for each of the agencies. 
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Chairman BOEHLERT. Good morning. I want to welcome everyone 
here today for our hearing on green chemistry, and I want to thank 
our colleague, Dr. Gingrey, for introducing the bill that will in- 
crease the focus of Congress, and, we hope, the Executive Branch, 
on this important and exciting area of research. 

We scheduled our green chemistry hearing for today because it 
seemed like an especially appropriate topic for St. Patrick’s Day, 
but it is really a timely subject, indeed a pressing subject, any day 
of the year. 

While it is certainly true, to paraphrase the old adage, that with- 
out green chemistry, most of us — most of what we take for granted 
in modern life would be impossible. It is also true that chemicals 
compose a threat to life, and we are discovering more threats all 
of the time. 

But many of those threats could be lessened and avoided entirely 
if we focused more of our research on green chemistry, on chem- 
istry that reduces or eliminates the use of toxic substances and the 
generation of toxic byproducts. And the good news is that green 
chemistry solutions can also save companies money and give them 
a competitive edge, in addition to protecting the environment and 
workers. That all is very appropriate. Green chemistry can result 
in green cash as well as a green environment. It is the ultimate 
“win-win strategy.” And I would direct your attention to our Direc- 
tor of Communications, who, appropriately, is dressed in green. 

At least it is potentially. While the government and some compa- 
nies have small and scattered efforts in green chemistry, it is rare- 
ly a central focus. That has to change. 

And that will change only if the government takes action. The in- 
sufficient research in and application of green chemistry is a text- 
book example of market failure. Green chemistry has broad public 
benefits, but the market can not supply adequate incentives for the 
private sector to invest enough in it. The problems green chemistry 
solves are externalities, problems like pollution that have costs 
that are borne by the public at large rather than by their source. 
And inertia alone is enough to slow investment in new products 
and processes. 

So Dr. Gingrey’s bill takes a sensible and targeted approach. It 
says, “Let us focus more of the millions of the dollars the govern- 
ment already invests in chemistry research and development on 
green chemistry. And let us train more young scientists in this 
field. And let us make working on green chemistry R&D a con- 
scious effort with an explicit budget.” It is awfully hard to argue 
with that. 

And indeed, we don’t hear much argument. The bill has already 
been endorsed by the American Chemical Society, and industry is 
starting to line up behind it. 

The Administration will tell us today that green chemistry is 
great, but we really don’t need a bill. But that is what every Ad- 
ministration tells every Congress about just about every bill. I don’t 
think we will be dissuaded by the traditional, “Don’t worry; we 
have already got that covered,” line of argument. Maybe green 
chemistry can develop a way to make Article I of the Constitution 
more indelible to Executive Branch readers. 
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So we look forward to reporting out this bill within the next 
month, and we hope for a time when the announcement of the 
Green Chemistry awards will be a red-letter day on everyone’s cal- 
endar. Then we will really be able to achieve better living through 
chemistry. And I yield to — the balance of my time to the author of 
this legislation, Dr. Gingrey. 

[The prepared statement of Chairman Boehlert follows:] 

Prepared Statement of Chairman Sherwood Boehlert 

I want to welcome everyone here today for our hearing on green chemistry, and 
I want to thank our colleague, Dr. Gingrey, for introducing the bill that will increase 
the focus of the Congress — and, we hope, the Executive Branch — on this important 
and exciting area of research. 

We scheduled our green chemistry hearing for today because it seemed like an 
especially appropriate topic for St. Patrick’s Day, but it is really a timely subject — 
indeed a pressing subject — any day of the year. 

While it is certainly true — to paraphrase the old ads — that, without chemistry, 
most of what we take for granted in modern life would be impossible; it’s also true 
that chemicals can pose a threat to life — and we’re discovering more threats all the 
time. 

But many of those threats could be lessened or avoided entirely if we focused 
more of our research on green chemistry — on chemistry that reduces or eliminates 
the use of toxic substances and the generation of toxic byproducts. And the good 
news is that green chemistry solutions can also save companies money and give 
them a competitive edge in addition to protecting the environment and workers. 
Green chemistry can result in green cash as well as a green environment. It’s the 
ultimate “win-win strategy.” 

At least it is potentially. While the government and some companies have small 
and scattered efforts in green chemistry, it’s rarely a central focus. That has to 
change. 

And that will change only if the government takes action. The insufficient re- 
search in, and application of green chemistry is a textbook case of market failure. 
Green chemistry has broad public benefits but the market cannot supply adequate 
incentives for the private sector to invest enough in it. The problems green chem- 
istry solves are externalities — problems like pollution that have costs that are borne 
by the public at large rather than by their source. And inertia alone is enough to 
slow investment in new products and processes. 

So Dr. Gingrey’s bill takes a sensible and targeted approach. It says, “Let’s focus 
more of the millions of dollars the government already invests in chemistry research 
and development (R&D) on green chemistry. And let’s train more young scientists 
in this field. And let’s make working on green chemistry R&D a conscious effort 
with an explicit budget.” Awfully hard to argue with. 

And indeed we don’t hear much argument. The bill has already been endorsed by 
the American Chemical Society, and industry is starting to line up behind it. 

The Administration will tell us today that green chemistry is great, but we really 
don’t need a bill. But that’s what every Administration tells every Congress about 
just about every bill. I don’t think we’ll be dissuaded by the traditional, “Don’t 
worry, we’ve already got that covered” line of argument. Maybe green chemistry can 
develop a way to make Article I of the Constitution more indelible to Executive 
Branch readers. 

So we look forward to reporting out this bill within the next month, and we hope 
for a time when the announcement of the Green Chemistry awards will be a red- 
letter day on everyone’s calendar. Then, we’ll really be able to achieve “better living 
through chemistry.” I yield the balance of my time to Dr. Gingrey. 

Mr. Gingrey. I thank the Chairman for yielding, and I want to 
first start off by thanking all, and certainly — and especially our 
panel of witnesses for being here today. I am looking forward to 
all — hearing your testimony. I wanted to also thank Chairman 
Boehlert and Ranking Member Gordon for holding this important 
hearing on green chemistry. 

As a physician, I am a big believer in that old adage, “An ounce 
of prevention is worth a pound of cure.” The majority of environ- 
mental protection laws passed by Congress focus on limiting the 
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spread of pollutants, cleaning up waste, or assessing fines to pol- 
luters. We should be devoting more effort toward finding ways to 
prevent pollution in the first place rather than cleaning it up after 
it has been created. The Green Chemistry Research and Develop- 
ment Act of 2004 does just that. 

As a Chemistry major, trained in traditional chemistry, or what 
some have come to call “brown chemistry,” I am very excited about 
the potential economic, environmental, and national security bene- 
fits from the emerging field of green chemistry. Preventing pollu- 
tion and waste in the first place is often cheaper than mitigating 
and cleaning it up later, and the development of new products and 
processes will help spur economic growth. Green chemistry aims to 
design processes that can be conducted at or near room tempera- 
ture and pressure and that use benign materials, decreasing the 
present risks for workers, while the replacement of toxic sub- 
stances with safe ones reduces the potential threat to public safety 
due to accidental release. In our post-9/11 world, the reduction of 
the number of toxic chemical locations and the transport of toxic 
chemicals also improves national security by reducing the number 
of potential terrorist attacks and targets. 

Yet despite all of the promise of green chemistry, the Federal 
Government invests very little, very little in this area. The Green 
Chemistry Research and Development Act establishes an inter- 
agency research and development program to promote and coordi- 
nate federal green chemistry research, development, demonstra- 
tion, education, and technology transfer activities. I think that this 
bill provides modest and prudent funding in an area that deserves 
greater federal attention. I look forward to receiving the testi- 
monies and engaging in dialogue on this very important area. 

Mr. Chairman, I thank you, and I yield back the balance of my 
time. 

[The prepared statement of Mr. Gingrey follows:] 

Prepared Statement of Representative Phil Gingrey 

I thank the Chairman for yielding. I want to first start off by thanking all and 
our panel of witnesses for being here today, Pm looking forward to hearing your tes- 
timonies. I wanted to also thank Chairman Boehlert and Ranking Member Gordon 
for holding this important hearing on green chemistry. 

As a physician, Pm a big believer in the old adage, ‘an ounce of prevention is 
worth a pound of cure.’ The majority of environmental protection laws passed by 
Congress focus on limiting the spread of pollutants, cleaning up waste, or assessing 
fines to polluters. We should be devoting more effort toward finding ways to prevent 
pollution in the first place rather than cleaning it up after it’s been created. The 
Green Chemistry Research and Development Act of 2004 does just that. 

As a Chemistry major, trained in traditional chemistry, or what some have come 
to call ‘Brown Chemistry,’ I am very excited about the potential economic, environ- 
mental, and national security benefits from the emerging field of Green Chemistry. 
Preventing pollution and waste in the first place is often cheaper than mitigating 
and cleaning it up later, and the development of new products and processes will 
help spur economic growth. Green chemistry aims to design processes that can be 
conducted at or near room temperature and pressure, and that use benign mate- 
rials, decreasing the present risk for workers; while the replacement of toxic sub- 
stances with safe ones reduces the potential threat to public safety due to accidental 
release. In our post-9/11 world, the reduction of the number of toxic chemical loca- 
tions and the transport of toxic chemicals also improves national security by reduc- 
ing the number of potential terrorist targets. 

Yet despite all of the promise of green chemistry, the Federal Government invests 
very little in this area. The Green Chemistry Research and Development Act estab- 
lishes an interagency research and development program to promote and coordinate 
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federal green chemistry research, development, demonstration, education, and tech- 
nology transfer activities. I think that this bill provides modest and prudent funding 
in an area that deserves greater federal attention. I look forward to receiving the 
testimonies and engaging in dialogue on this important area. 

Thank you Mr. Chairman and I 3deld back my time. 

Chairman BOEHLERT. Thank you very much, Dr. Gingrey. And 
let me once again commend you for your leadership in this effort. 
That is the type of thing we have come to expect from the Members 
of this committee. We are at the forefront of so many things, and 
we are glad to be there once again. 

The Chair is now pleased to recognize the distinguished Ranking 
Member of the Full Committee, Dr. — Mr. Gordon. I was going to 
give you a doctorate, too, Bart. You have had a few honoraries. 

Mr. Gordon. Thank you, Mr. Chairman, and thanks for calling 
this important hearing. I concur with you that our goal here is to 
raise the awareness of the public and the Administration, and I 
think that this bill is a good start. Our champion on this side has 
been Ms. Johnson, who has taken a lead in this issue. And I would 
like to yield the balance of my time to her. 

Chairman BoEHLERT. Before she takes the microphone, just let 
me commend Ms. Johnson, too, because it is her leadership, com- 
bined with Dr. Gingrey, working as a team, bipartisan, across the 
center aisle, that is making this happen. And I want to thank her 
for her leadership. 

Ms. Johnson. Thank you very much, Mr. Chairman. And thank 
you, too. Ranking Member Gordon, for giving me this opportunity 
to speak on an issue that is so important to me. 

Frequently, we, as legislators, preach about how we want to 
make this world a better place for those who are to follow. I, for 
one, want to help create a better planet, not only for the sake of 
my beloved grandchildren, but for all future generations. 

Imagine a policy that can help clean the environment by increas- 
ing the use of renewable fuels, encourage manufacturing processes 
that generate less toxic waste and promote the development of ma- 
terials which can be easily recycled. These are the goals of green 
chemistry. And this bill is an aggressive first step in reaching these 
goals. I am so pleased that my colleague. Congressman Gingrey, 
has introduced the Green Chemistry Research and Development Act 
of 2004, and I am proud to be an original cosponsor of this legisla- 
tion. 

Green chemistry is the utilization of a set of principles that re- 
duces or eliminates the use or generation of hazardous substances 
in the design, manufacture, and application of chemical products. 
Green chemistry, as defined, tries to get at eliminating hazards in 
products and processes, making workplaces safer, dropping costs 
associated with safety and hazardous waste disposal, reducing 
risks to homeland security, preventing pollution, and creating 
healthier products that are effective and desirable. It is especially 
helpful in agriculture in conventional and organic crops. It has the 
capability of saving companies millions of dollars by reducing waste 
and providing a higher rate of return. 

Over the past decade, there has been increasing interest in a 
fundamentally new approach to environmental protection. In study- 
ing green chemistry, we realize that science and technology can 
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help produce processes and products that are both more environ- 
mentally benign and economically attractive. 

An increased interest in new approaches for environmental pro- 
tection may also derive, in part, from significantly changed atti- 
tudes about the environment over the past few decades. Increasing 
numbers of corporate executives may begin to see environmental 
protection as an important part of their corporate responsibility. 
Many firms now see an increased environmental consciousness as 
offering the potential for market niches that can emphasize the en- 
vironmental benefits of products and services. 

That is why I am so excited about our discussion of this legisla- 
tion today. Although there is more work that can be done to 
strengthen this legislation, it still provides just the right impetus 
to encourage the science and manufacturing communities to start 
in the right direction, not only because green chemistry can save 
them money now, in the short term, but because it also can save 
our planet in the long term. 

Thank you, Mr. Chairman, and I yield. 

[The prepared statement of Ms. Johnson follows:] 

Prepared Statement of Representative Eddie Bernice Johnson 

Thank you, Mr. Chairman. And thank you too, Ranking Member Gordon, for giv- 
ing me this opportunity to speak on an issue that is so important to me. 

Frequently, we as legislators preach about how we want to make this world a bet- 
ter place for those who are to follow. I for one want to help create a better planet 
not only for the sake of my beloved grandchildren, but for all future generations. 

Imagine a policy that can help clean the environment by increasing the use of re- 
newable fuels, encourage manufacturing processes that generate less toxic waste, 
and promote the development of materials which can be easily recycled. These are 
the goals of Green Chemistry. And this bill is an aggressive first step in reaching 
these goals. I am so pleased that my colleague, Congressman Gingrey, has intro- 
duced the Green Chemistry Research and Development Act of 2004, and I am proud 
to be an original co-sponsor of this legislation. 

Green Chemistry is the utilization of a set of principles that reduces or eliminates 
the use or generation of hazardous substances in the design, manufacture and appli- 
cation of chemical products. Green chemistry as defined tries to get at eliminating 
hazards in products and processes, making workplaces safer, dropping costs associ- 
ated with safety and hazardous waste disposal, reducing risks to homeland security, 
preventing pollution and creating healthier products that are effective and desir- 
able. It is especially helpful in agriculture in conventional and organic crops. It has 
the capability of saving companies millions of dollars by reducing waste and pro- 
viding a higher rate of return. 

Over the past decade, there has been increasing interest in a fundamentally new 
approach to environmental protection. In studying Green Chemistry we realize that 
science and technology can help produce processes and products that are both more 
environmentally benign and economically attractive. 

An increased interest in new approaches for environmental protection may also 
derive in part from significantly changed attitudes about the environment over the 
past few decades. Increasing numbers of corporate executives may begin to see envi- 
ronmental protection as an important part of their corporate responsibility. Many 
firms now see an increased environmental consciousness as offering the potential for 
market niches that emphasize the environmental benefits of products and services. 

That is why I am so excited about our discussion of this legislation today. Al- 
though there is more work that can be done to strengthen this legislation, it still 
provides just the right impetus to encourage the science and manufacturing commu- 
nities to start in the right direction. Not only because Green Chemistry can save 
them money now in the short-term, but because it can also save our planet in the 
long-term. 

[The prepared statement of Mr. Smith follows:] 
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Prepared Statement of Representative Nick Smith 

Today we meet to review the Green Chemistry Research and Development Act of 
2004. The legislation establishes a modest interagency green chemistry R&D pro- 
gram at the National Science Foundation, Environmental Protection Agency, De- 
partment of Energy, and National Institute of Standards and Technology. 

Green chemistry is defined as “the utilization of a set of principles that reduces 
or eliminates the use or generation of hazardous substances in the design, manufac- 
ture and application of chemical products.” It is a relatively new term that describes 
relatively old ideas regarding our application of chemistry and related technologies 
to protect the environment. Today we actively think of such technologies as “green,” 
and actively think “green” when applying these technologies. 

By almost every indicator, the environment in the United States is substantially 
better than it has been at any time over the last thirty years. For example, emis- 
sions of chemicals such as nitrogen oxides from automobiles and mercury from 
power plants have decreased significantly. Drinking water is cleaner, and we’re re- 
leasing much lower quantities of toxic chemicals into the environment in general. 
We have achieved all of this in concert with rapid population and economic growth. 

How have we had such great success improving the environment? To be sure, sen- 
sible regulations and increased public awareness have been important overall con- 
tributors. But if I had to give an award to the single most important factor respon- 
sible for the clean environment in America today, it would be technology. 

Technological advancement and information allows us to minimize wastes, im- 
prove efficiencies, and address nearly any environmental problem. So-called green 
chemistry is an important piece in this effort. As a farmer, I have to be tested and 
licensed to handle pesticides for the growing of crops. Thanks to our improved un- 
derstanding and application of green chemistry, the safety of the chemicals I use 
on the farm has improved dramatically during the last 25 years. 

Still, there is much room for improvement. We continue to have a problem with 
environmentally toxic chemicals in many industries. For example, in agriculture, we 
are searching for safer alternatives to potential environmental hazards such as 
Atrazine and Methyl Bromide. Green chemistry provides a fresh and different ap- 
proach to addressing these ongoing environmental challenges. 

Too often, we romance about the environmental benefits of regulations and other 
environmentally benign practices without regard to their impact on businesses and 
the economy. That approach is shortsighted, especially in today’s globally competi- 
tive environment where even the most minor misguided regulation can drive entire 
industries overseas. With it’s potential to provide non-regulatory, economically com- 
petitive solutions to some of today’s most pressing environmental challenges, green 
chemistry can be a win-win approach to what is all too often a lose-lose situation. 

To that end, the Federal Government can play an important role in stimulating 
green chemistry advances that are otherwise too risky and expensive for industry 
to undertake. The legislation before us today outlines that role and will hopefully 
move us closer to a broader goal I think we all share: economically friendly environ- 
mental protection through science, technology, and the dissemination of information. 

I look forward to today’s discussion. 

[The prepared statement of Mr. Costello follows:] 

Prepared Statement of Representative Jerry F. Costello 

Good morning. I want to thank the witnesses for appearing before our committee 
to examine federal and industry green chemistry research and development activi- 
ties and to receive testimony on the Green Chemistry Research and Development Act 
of 2004. 

Green chemistry is the use of chemistry for pollution prevention. More specifi- 
cally, green chemistry is the design of chemical products and processes that reduce 
or eliminate the use and generation of hazardous substances. 

Private industry has benefited from and contributed to green chemistry efforts. 
Pfizer and Shaw industries should be commended for their work in this area. How- 
ever, barriers to greater adoption of green chemistry products and processes by in- 
dustry include a workforce unfamiliar with green chemistry, a lack of existing and 
demonstrated alternatives, the high capital costs of changing processes, and inertia. 

I am interested to know about the current status of the Federal Government’s ef- 
forts in green chemistry research and development and if efforts are underway to 
alleviate some of the above mentioned barriers. While agencies have conducted nu- 
merous green chemistry related R&D, these efforts are small, not coordinated and 
strategic in nature. Further, I am interested to know if expanded federal efforts and 
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increased coordination in green chemistry is warranted and if so, how this legisla- 
tion would further the effort. 

I welcome our panel of witnesses and look forward to their testimony. 

[The prepared statement of Ms. Jackson Lee follows:] 

Prepared Statement of Representative Sheila Jackson Lee 
Mr. Chairman, 

Thank you for calling this timely hearing to discuss the importance of “green 
chemistry” and the federal investment in that important subject. I commend my col- 
league from Georgia, Dr. Gingrey, for authoring a bill that may help focus some of 
our attention on the need to encourage our schools, and labs, and industries to work 
toward protecting and preserving our environment. 

I also welcome this distinguished panel. I thank you all for taking the time to be 
here today, to share your views on green chemistry and this bill. 

I assume that everyone in this room is “for” green chemistry. It only makes sense 
that if there are two ways to do something — a harmful way and a non-harmful 
way — we would all want to choose the non-harmful way. And assuming we agree 
that it is a responsibility of the Federal Government to stimulate research and in- 
vestment in areas that could have a beneficial impact on our nation, I believe we 
would all agree that we should focus some of the Nation’s research energies on 
green chemistry. 

The questions are: how much of our resources should be allocated to program, and 
where should they come from? These are especially tough questions in a budget en- 
vironment like the one we have today. Massive tax cuts for the rich and a violent 
and expensive foreign policy have left us with little money left to fund critical pro- 
grams. 

The President’s latest budget has slashed dozens of research and education pro- 
grams. I have been very pleased with the bold leadership of the Chairman and 
Ranking Member of this Science Committee, pointing out that under-investing in 
science and technology is a grave error. It could jeopardize our position at the front 
of the world economy, and cost us jobs galore. I feel we need to find money to make 
investments in growth industries, and green chemistry certainly qualifies. 

I am concerned, however, that the bill we are discussing, although well-inten- 
tioned, may not make the necessary improvement of investment in the field. Be- 
cause the bill only draw from funds that have been previously authorized, existing 
programs will have to be cannibalized, or simply renamed to fit the “green chem- 
istry” label. As important as green chemistry is, I would hate to see it come at the 
expense of programs at NIST or DOE that we have been fighting for years. Some 
of the programs that are to be incorporated into the green chemistry initiative have 
not even been re-authorized in years, further confusing the matter of funding. 

Again, I am a firm supporter of green chemistry. It holds great promise for allow- 
ing our economy and standard of living to grow, while protecting our environment. 
However, I look forward to a serious discussion of how it will be funded, and what 
the bill we are discussing will accomplish. 

Thank you. 

Chairman BOEHLERT. Thank you very much. 

Our witness list today, the sole panel we have, is Dr. Arden 
Bement, Acting Director, National Science Foundation, and a fre- 
quent visitor here. 

Dr. Bement. Thank you, sir. 

Chairman BoEHLERT. Dr. Paul Gilman, Assistant Administrator 
for Research and Development, Environmental Protection Agency. 
And let me commend Dr. Gilman and the Governor for the state- 
ment issued yesterday on mercury. Dr. Berkeley Cue, Vice Presi- 
dent of Pharmaceutical Sciences, Pfizer Global Research and Devel- 
opment. Dr. Cue, good to have you here. Mr. Steven Bradfield, Vice 
President of Environmental Development, Shaw Industries, Incor- 
porated. Mr. Bradfield. And Dr. Edward Woodhouse, Associate Pro- 
fessor of Political Science, Department of Science & Technology 
Studies at that great institution, Rensselaer Polytechnic Institute. 
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It is a pleasure to have all of you here. We would ask that you 
try to summarize your statement in approximately five minutes. 
The Chair will not be arbitrary, because we really want to hear 
what you have to say, but we also want the advantage of a dia- 
logue between Members and the panel, and I would advise all that 
your statements will appear in the record in their entirety. 

Dr. Bement. 

STATEMENT OF DR. ARDEN L. BEMENT, JR., ACTING 
DIRECTOR, NATIONAL SCIENCE FOUNDATION 

Dr. Bement. Thank you, Mr. Chairman. Good morning to you, to 
Ranking Member Gordon and Members of the Committee. I am 
pleased to have the opportunity to testify before you this morning 
on the National Science Foundation’s support of research on green 
chemistry and engineering, and specifically on the legislation under 
consideration by the Committee. 

Green chemistry and engineering are critical components of a 
comprehensive approach to manufacturing, an approach that con- 
siders not just the desired product, but the feedstocks, energy costs, 
purification procedures, and environmental impact associated with 
making the product. 

Over the past dozen years, the National Science Foundation, 
principally through the Division of Chemical and Transport Sys- 
tems and the Division of Chemistry, has been investing in basic re- 
search that supports this holistic view of what might be called “the 
molecular economy.” Through existing partnerships with the Envi- 
ronmental Protection Agency, the Department of Energy, and the 
National Institute of Standards and Technology, NSF has been 
leveraging its investments in green chemistry and engineering for 
almost a decade. 

In 1991, NSF announced a joint program in Environmentally Be- 
nign Chemical Synthesis and Processing, whose goal was to reduce 
the environmental footprint of manufacturing processes while 
maintaining economic competitiveness. In 1994, a Memorandum of 
Understanding was signed between NSF and EPA that had three 
components, one of which was a program to support Technology for 
a Sustainable Environment. 

The current NSF investments in green chemistry and engineer- 
ing are approximately $11 million per year in the Division of 
Chemistry, and $13 million per year in the Division of Chemical 
and Transport Systems. Areas of support include chemical syn- 
thesis, catalysis, separations research, and environmental research. 
Advances in chemical synthesis provide new products and alter- 
native chemical routes to existing products that minimize or elimi- 
nate potentially harmful byproducts. New catalysts can be used to 
accelerate desired reactions, lower the energy costs associated with 
them, and reduce their hazards and environmental impact. Separa- 
tions research can lead to more environmentally friendly and cost- 
effective methods for purifying chemical feedstocks and products. 

NSF funding supports both individual investigators and multi-in- 
vestigator interdisciplinary teams of researchers working on green 
chemistry and engineering projects. A number of young investiga- 
tors supported through NSF’s CAREER program have projects re- 
lated to green chemistry and engineering. Adding value to NSF 
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awards in these areas is a Memorandum of Understanding with 
NIST under which NSF awardees may apply for supplements that 
enable them to travel to NIST and take advantage of NIST facili- 
ties and expertise. 

An example of a team approach to green chemistry and engineer- 
ing is the Science and Technology Center for Environmentally Re- 
sponsible Solvents and Processes, based at the University of North 
Carolina at Chapel Hill. The center has pioneered the industrial 
use of carbon dioxide as a reaction medium, thereby avoiding pro- 
duction, use, and subsequent release into the environment of con- 
taminated water, volatile organic solvents, chlorofluorocarbons, and 
other noxious pollutants. DuPont has recently invested in the con- 
struction of a plant in North Carolina to use this technology in the 
manufacture of materials like Teflon. Research supported at this 
center has also yielded new, less hazardous dry cleaning tech- 
nologies, and this research is being extended to process applica- 
tions for the microelectronics industry. 

Current manufacturing processes in the semiconductor industry 
involve toxic solvents, poisonous metals, and corrosive chemicals. 
The NSF Engineering Research Center on Environmentally Benign 
Semiconductor Processing, based at the University of Arizona with 
partners at Stanford University and MIT, is developing alternative 
technologies that both substitute safer materials in the production 
of semiconductor devices and minimize waste and water use. This 
Center has demonstrated the use of high-pressure carbon dioxide 
as a green solvent, and it has developed improved methods for 
water purification and recycling. In the past five years, this Center 
has spawned four new start-up companies that are commercializing 
their novel, environmentally friendly technologies. 

Mr. Chairman, I would like now to briefly comment on the draft 
Green Chemistry Research and Development Act of 2004. As I men- 
tioned earlier, NSF and the Environmental Protection Agency have 
an ongoing, sustainable environmental program that appears to be 
meeting many of the goals of this bill. NSF has worked with both 
the Department of Energy and NIST in this area, as well. So we 
are in complete agreement on the value of research and processes 
and products that reduce the generation or use of hazardous sub- 
stances. And I might add that my visit last night with the bright, 
young people in the Intel Science Award Program introduced me to 
at least two or three that are very active in this field, and I was 
very heartened by that. Although we welcome congressional atten- 
tion and oversight in this area, we are always concerned about the 
unintended consequences of codifying research programs into law. 
While we look forward to working with the Committee to imple- 
ment the goals of this legislation, the Administration believes that 
it is unnecessary to enact this legislation at this time. 

Thank you for this opportunity to testify on a topic of great im- 
portance to the science and engineering community, to the econ- 
omy, and to the environment, and I would be pleased to respond 
to any questions that you might have. 

[The prepared statement of Dr. Bement follows:] 
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Prepared Statement of Arden L. Bement, Jr. 

Good morning, Mr. Chairman and Members of the Committee. I am pleased to 
have the opportunity to testify before you this morning on the National Science 
Foundation’s support of research on green chemistry and engineering, and specifi- 
cally on the legislation under consideration by the Committee. 

Green chemistry and engineering are critical components of a comprehensive ap- 
proach to manufacturing — an approach that considers not just the desired product, 
but the feedstocks, energy costs, purification procedures, and environmental impact 
associated with making the product. 

Over the past dozen years, the National Science Foundation (NSF), principally 
through the Division of Chemical and Transport Systems and the Division of Chem- 
istry, has been investing in basic research that supports this holistic view of what 
might be called “the molecular economy.” This approach integrates manufacturing 
with environmental considerations. Through existing partnerships with the Environ- 
mental Protection Agency (EPA), Department of Energy (DOE) and the National In- 
stitute of Standards and Technology (NIST), NSF has been leveraging its invest- 
ments in green chemistry and engineering for almost a decade. 

Beginning in 1991, the two NSF divisions announced a joint program in Environ- 
mentally Benign Chemical Synthesis and Processing, whose goal was to reduce the 
environmental footprint of manufacturing processes while maintaining economic 
competitiveness. In 1994, a Memorandum of Understanding (MOU) was signed be- 
tween NSF and the EPA that had three components, one of which was a program 
to support Technology for a Sustainable Environment (TSE). The TSE program, 
launched in 1995 and administered nearly annually since then, will be formally re- 
viewed in May, 2004. In addition, some components of Biocomplexity in the Environ- 
ment, an NSF Priority Area, support studies of the use of resources and pollutant 
transport in the environment. 

The current NSF investments in green chemistry and engineering are approxi- 
mately $11 million per year in the Division of Chemistry and $13 million per year 
in the Division of Chemical and Transport Systems. Areas of support include chem- 
ical synthesis, catalysis, separations research, and environmental research. Ad- 
vances in chemical synthesis provide new products and alternative chemical routes 
to existing products that minimize or eliminate potentially harmful byproducts. New 
catalysts can be used to accelerate desired reactions, lower the energy costs associ- 
ated with them, and reduce their hazards and environmental impact. Separations 
research can lead to more environmentally friendly and cost-effective methods for 
purifying chemical feedstocks and products. The design of green manufacturing 
processes is guided by NSF-supported basic research that characterizes the fate of 
molecular species in the environment through experimental, theoretical, modeling 
and simulation studies. 

NSF funding supports both individual investigators and multi-investigator, inter- 
disciplinary teams of researchers working on green chemistry and engineering 
projects. Projects typically include undergraduate and graduate students and 
postdoctoral research associates, who are trained through these awards. A number 
of young investigators supported through NSF’s CAREER program have projects re- 
lated to green chemistry and engineering. Adding value to NSF awards in these 
areas is an MOU with NIST under which NSF awardees may apply for supplements 
that enable them to travel to NIST to take advantage of NIST facilities and exper- 
tise. 

An example of a team approach to green chemistry and engineering is the Science 
and Technology Center for Environmentally Responsible Solvents and Processes, 
based at the University of North Carolina at Chapel Hill (Partners include North 
Carolina State University, North Carolina A&T University, the University of Texas 
at Austin, Georgia Institute of Technology, and a large number of industrial affili- 
ates). Research at this center has already led to new green manufacturing processes. 
For example, the center has pioneered the industrial use of carbon dioxide as a reac- 
tion medium, thereby avoiding production, use and subsequent release into our envi- 
ronment of contaminated water, volatile organic solvents, chlorofluorocarbons and 
other noxious pollutants. DuPont has recently invested in the construction of a plant 
in North Carolina to use this technology in the manufacture of materials like Tef- 
lon®. Research supported at this center has also 3 delded new, less hazardous dry 
cleaning technologies and this research is being extended to process applications for 
the microelectronics industry. 

For example, current manufacturing processes in the semiconductor industry in- 
volve toxic solvents, poisonous metals, and corrosive chemicals. The NSF Engineer- 
ing Research Center (ERC) on Environmentally Benign Semiconductor Processing, 
based at the University of Arizona with partners at Stanford University and MIT, 
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is developing alternative technologies that both substitute safer materials in produc- 
tion of semiconductor devices and minimize waste and water use. This Center has 
demonstrated the use of high-pressure carbon dioxide as a green solvent in 
microchip fabrication and has developed improved methods for water purification 
and recycling. One of the young faculty members at Arizona was recognized this 
year as one of Scientific American’s 50 most influential researchers. In the past five 
years this Center has spawned four new start-up companies that are commer- 
cializing their novel, environmentally friendly technologies. 

The NSF supports smaller projects in green chemistry and engineering involving 
partnerships of academic institutions with industry and/or national laboratories 
through its Grant Opportunities for Academic Liaisons with Industry (GOALI) and 
its Environmental Molecular Science Institutes (EMSI) programs. The EMSI pro- 
gram is managed by the Division of Chemistry and includes the Geosciences Direc- 
torate at NSF and the Department of Energy as partners. Several EMSI projects 
provide a molecular-level perspective on industrial processes that allow an under- 
standing of their environmental impact at the level of ecosystems. 

A measure of the quality of investments made through NSF awards is that nearly 
all of the academic winners who have received the EPA’s Presidential Green Chal- 
lenge Award have been NSE-supported investigators. This award recognizes major 
contributions to green chemistry and engineering research that have significant so- 
cietal impact. 

Broader impacts of green chemistry and engineering are supported both through 
a variety of technical workshops and through education and outreach activities. 
Many Research Experiences for Undergraduates (REU) projects provide summer re- 
search opportunities for advanced undergraduates in basic research related to green 
chemistry and engineering. Instrumentation and curricular investments across NSE 
likewise contribute to education and the development of the future workforce that 
will be needed to develop and implement ideas to promote green chemistry and engi- 
neering. 

Mr. Chairman, I would like to briefly comment on the draft Green Chemistry Re- 
search and Development Act of 2004. As I mentioned earlier, NSF and the Environ- 
mental Protection Agency have an ongoing technology for a sustainable environment 
program that appears to be meeting many of the goals of this bill. NSF has worked 
with both the Department of Energy and NIST in this area as well. So we are in 
complete a^eement on the value of research on processes and products that reduce 
the generation or use of hazardous substances. Mthough we welcome Congressional 
attention and oversight in this area, we are always concerned about the unintended 
consequences of codifying research programs into law. While we look forward to 
working the Committee to implementing the goals of this legislation, the Adminis- 
tration believes that it is unnecessary to enact this legislation at this time. 

Thank you for this opportunity to testify on a topic of great importance to the 
science and engineering community, to the economy, and to the environment. I 
would be pleased to respond to any questions you might have. 

Biography for Arden L. Bement, Jr. 

Arden L. Bement, Jr., became Acting Director of the National Science Foundation 
on February 22, 2004. 

He joins NSF from the National Institute of Standards and Technology, where he 
has been director since Dec. 7, 2001. As head of NIST, he oversees an agency with 
an annual budget of about $773 million and an onsite research and administrative 
staff of about 3,000, complemented by a NIST-sponsored network of 2,000 locally 
managed manufacturing and business specialists serving smaller manufacturers 
across the United States. Prior to his appointment as NIST director, Bement served 
as the David A. Ross Distinguished Professor of Nuclear Engineering and head of 
the School of Nuclear Engineering at Purdue University. He has held appointments 
at Purdue University in the schools of Nuclear Engineering, Materials Engineering, 
and Electrical and Computer Engineering, as well as a courtesy appointment in the 
Krannert School of Management. He was director of the Midwest Superconductivity 
Consortium and the Consortium for the Intelligent Management of the Electrical 
Power Grid. 

Bement came to the position as NIST director having previously served as head 
of that agency’s Visiting Committee on Advanced Technology, the agency’s primary 
private-sector policy adviser; as head of the advisory committee for NIST’s Advanced 
Technology Program; and on the Board of Overseers for the Malcolm Baldrige Na- 
tional Quality Award. 

Along with his NIST advisory roles, Bement served as a member of the U.S. Na- 
tional Science Board from 1989 to 1995. The board guides NSF activities and also 
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serves as a policy advisory body to the President and Congress. He also chaired the 
Commission for Engineering and Technical Studies and the National Materials Ad- 
visory Board of the National Research Council; was a member of the Space Station 
Utilization Advisory Subcommittee and the Commercialization and Technology Ad- 
visory Committee for NASA; and consulted for the Department of Energy’s Argonne 
National Laboratory and the Idaho National Engineering and Environmental Lab- 
oratory. 

Bement joined the Purdue faculty in 1992 after a 39-year career In industry, gov- 
ernment, and academia. These positions included: vice president of technical re- 
sources and of science and technology for TRW Inc. (1980-1992); deputy under sec- 
retary of defense for research and engineering (1979-1980); director. Office of Mate- 
rials Science, DARPA (1976-1979); professor of nuclear materials, MIT (1970-1976); 
manager. Fuels and Materials Department and the Metallurgy Research Depart- 
ment, Battelle Northwest Laboratories (1965-1970); and senior research associate. 
General Electric Co. (1954-1965). 

He has been a director of Keithley Instruments Inc. and the Lord Corp. and was 
a member of the Science and Technology Advisory Committee for the Howmet Corp. 
(a division of ALCOA). 

Bement holds an Engineer of Metallurgy degree from the Colorado School of 
Mines, a Master’s degree in metallurgical engineering from the University of Idaho, 
a doctorate degree in metallurgical engineering from the University of Michigan, an 
honorary doctorate degree in engineering from Cleveland State University, and an 
honorary doctorate degree in science from Case Western Reserve University. He is 
a member of the U.S. National Academy of Engineering. 

Chairman BOEHLERT. Thank you very much, Dr. Bement, but 
once again, the Chair will observe, this Administration, like all pre- 
vious Administrations, usually finds the work of Congress unneces- 
sary. The Administration feels that the source of all wisdom is 
vested in 1600 Pennsylvania Avenue and the environs, but we 
want to be active, working partners 

Dr. Bement. I am your canonical messenger. 

Chairman BoEHLERT. And I was pleased to see you note the rela- 
tionship with NIST, because the Chair understands that you have 
some familiarity with NIST. 

Dr. Bement. Yes, I do have some familiarity, and if I had more 
time, I could go into a long list 

Chairman BOEHLERT. For the benefit of the audience that might 
not be aware. Dr. Bement is taking over the responsibility of NSF 
to fill a void created by the retirement of Dr. Rita Colwell. He is 
on leave from his job as Director of NIST, where he has performed 
with exceptional skill. So they give him another burden, taking on, 
at least on a temporary basis, NSF. But Dr. Bement, we really 
appreciate 

Dr. Bement. Well, I would welcome, for the record, to submit 
work that NIST is doing in this area as well. 

[The information referred to appears in Appendix: Additional Ma- 
terial for the Record.] 

Chairman BOEHLERT. Thank you very much. 

Dr. Gilman. 

STATEMENT OF DR. PAUL GILMAN, ASSISTANT ADMINIS- 
TRATOR FOR RESEARCH AND DEVELOPMENT, ENVIRON- 
MENTAL PROTECTION AGENCY 

Dr. Gilman. We welcome the Committee’s interest, and look for- 
ward to working with you on your legislation, as it proceeds 
through the Congress. 

A critical part of EPA’s mission is really embodied in the green 
chemistry and green engineering that you are addressing in this 
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bill. We have historically addressed the issue. We hope to focus on 
it in the future. It is the kind of science that takes us beyond the 
limits of “command and control” approaches to keeping our envi- 
ronment clean and cleaning it up. Recently, our Administrator 
challenged the Agency to try and accelerate our pace in improving 
the environment using science and technology, market-based mech- 
anisms, results-oriented work and collaborations in large networks. 

I would like to tell you a little bit about a new framework we are 
implementing in the research side of the organization, and more 
broadly, within which green chemistry and green engineering is 
captured. We will be releasing next week some solicitations in the 
area of “Collaborative Science and Technology Network for Sustain- 
ability,” really a cornerstone of our approach for the future, work- 
ing with states, local government, and industry to address high-pri- 
ority challenges with rigorous science. We will be announcing two 
pilots that we are initiating with the Delaware River Basin Com- 
mission and the Canaan Valley Institute in West Virginia looking 
at ecological restoration and watershed practices for sustainability. 
We are also opening up today a portal in sustainability on the ERA 
website, which is trying to organize the dozens of programs 
throughout the EPA that embrace principles of sustainability, the 
scientific tools, and the programs aimed at that, including green 
chemistry and green engineering. And lastly, in an effort to encour- 
age a focus on sustainability in our university systems, we have re- 
leased what we call a P3 Award. The P3 standing for people, pros- 
perity, and the planet, really an effort to solicit, through competi- 
tive grants, projects, and interdisciplinary teams trying to address 
solutions to environmental challenges. The National Academy of 
Engineering has agreed to serve as a judging organization for us 
in that regard, and we are very pleased with the early response to 
that effort. 

Your Green Chemistry R&D Act really does build on a lot of suc- 
cesses that have already taken place in government. We are in the 
process of trying to really document the productivity of those 
grants that have already been done. Looking at the first 64 that 
we have been able to gather information on, those 64 first grants 
under the Technology for a Sustainable Environment (TSE) pro- 
gram that we have done in collaboration with the NSF, have re- 
sulted in 347 articles, 25 chapters in books, six patents, and one 
of the recipients received a Nobel Prize for Chemistry in 2001. You 
will hear a lot of examples of successes today. I would only note 
several teams of our grant recipients at Georgia Tech are working 
at making water a better solvent and using water-based coatings 
to replace more hazardous solvents. You have heard the story of 
the CO 2 work in North Carolina, the work of Professor Dorgan on 
polylactic acid to make bio-based materials a feedstock for the fu- 
ture, and Professor Wool at Delaware working on, again, bio-based 
products where today John Deere is using bio-based products in the 
manufacture of its tractors. And Professor Wool even has a patent 
on a bio-based silicon replacement for silicon chips that would uti- 
lize chicken feathers as part of the matrix of those chips. And while 
you may laugh at that sort of thing, I would only note that the chip 
operates at about two times the pace of silicon-based chips. 



26 


So there are wonderful examples out there. Some of those that 
I named are noteworthy not just because of their curiosities, but 
because industry is investing not tens, but hundreds of millions of 
dollars in the commercial use of those technologies. 

Some programs that have also borne fruit are things like the 
Presidential Green Chemistry Challenge. Just the award winners 
of that since 1996 represent a reduction of 326 million pounds of 
hazardous substances, 390 million gallons of water saved, and 120 
million pounds of CO 2 reduction. 

Those are the kinds of results that we think this work will lead 
to, and not only noting the competitive nature of those products, 
I should also point out that, for those projects I mentioned, those 
were grants in the late ’90s. The time from the lab bench to the 
commercial enterprise for these kinds of research projects is on the 
order of 10 years or less. And this is a committee that often hears 
that the basic research is 20 years or more away from practical ap- 
plication. So the fruits of this work are being seen as we speak. 

Thank you for the opportunity to testify today. 

[The prepared statement of Dr. Gilman follows:] 

Prepared Statement of Paul Gilman 

Good morning, Mr. Chairman and Members of the Committee, I am honored to 
appear before you today to discuss the U.S. Environmental Protection Agency’s 
green chemistry and engineering research and development activities, the subject of 
the draft Green Chemistry Research and Development Act of 2004. The U.S. Environ- 
mental Protection Agency (EPA) welcomes the interest of the Committee on green 
chemistry and engineering. The subject of this bill represents a critical part of 
EPA’s focus on environmental and human health protection. EPA historically has 
and continues to address the goals in the proposed legislation. I will highlight today 
some of our ongoing efforts in green chemistry and engineering. 

Every day decisions are made at local, state, and regional levels that affect our 
quality of life. To the extent possible, each of these decisions, from new building con- 
struction, highway development or ecosystem management, should be based on the 
best available scientific information and scientific tools available. Industry leaders 
are also making decisions on chemical, product, and process design that will have 
significant environmental and economic impacts. Sustainability draws on sound 
science to support these decisions to protect our natural systems, to provide a higher 
quality of life for people, and to further a competitive economy. 

By building on traditional “command-and-control” regulations, EPA has been re- 
focusing its efforts by conducting and funding research in areas such as green chem- 
istry and engineering, global change, economics and decisions sciences, watershed 
management, industrial ecology, environmental justice, ecological forecasting, and 
emerging technologies. In the future, EPA will continue to focus on rigorous science 
as a better way to advance EPA’s mission of protecting human health and the envi- 
ronment. 

INTRODUCTION 

Administrator Leavitt has outlined EPA’s strategy to achieve its mission quickly 
and efficiently based on four key components: science and technology innovation, 
market mechanisms, results, and collaborative networks. Science and technology in- 
novation provides new, cost-effective alternatives that better protect human health 
and the environment. Results ensure that our programs and processes achieve envi- 
ronmental and human health results. Collaborative networks serve to solve prob- 
lems through partnerships and open dialogues among private and public stake- 
holders. 

EPA’s next step in achieving its mission is to apply this framework to specific en- 
vironmental and human health challenges. Traditionally, environmental protection 
programs have focused on a particular medium or problem through command-and- 
control regulations. These programs have been very effective at reducing point 
source pollution and improving environmental quality over the past three decades. 
However, the environmental challenges we face today involve several media types 
and diffuse sources that are less amenable to command-and-control programs. EPA 
is looking for solutions that seek to address the various causes of environmental 
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problems and understand the interrelationships between human behavior and the 
environment in specific areas. 

A place-hased approach is one example that supplements and complements the 
traditional environmental protection approach by focusing on the health of an eco- 
system and the behavior of the humans who live within the boundaries of the eco- 
system, instead of concentrating on a specific medium or particular problem. This 
strategy, therefore, moves beyond media-based or issue-based strategies to a holistic 
perspective that will lead to comprehensive, long-term, sustainable solutions. 

FOCUS ON SCIENCE AND TECHNOLOGY THROUGH GREEN CHEMISTRY 
AND ENGINEERING 

EPA is focusing on science and technology programs that incorporate the prin- 
ciples of green chemistry and engineering. The concept of green chemistry and engi- 
neering is a very real and specific component of our science and technology. The 
goals of green chemistry and engineering move us towards innovation and collahora- 
tion for the mutual benefit of human health and the environment while furthering 
economic competitiveness. Green chemistry and engineering are unique in that they 
focus on inherently benign alternatives for chemical products and processes that can 
address many challenges in a hroad, multi-media framework. The advances of green 
chemistry and engineering have demonstrated results that provide cost-effective en- 
vironmental and human health improvements. For these reasons, green chemistry 
and engineering represent the kind of science on which EPA is focusing to move to 
the next level of environmental and human health protection. 

Before I discuss EPA’s specific programs in green chemistry and engineering, I 
want to describe the broader context of EPA’s focus. Three approaches are underway 
that cut across Administrator Leavitt’s framework of science and technology innova- 
tion, results, and collaborative networks including: the “Collaborative Science and 
Technology Network for Sustainability,” the Sustainability Portal, and the P3 
Award: A National Student Design Competition for Sustainability. 

Collaborative Science and Technology Network for Sustainability (CSTNS) 

At the cornerstone of EPA’s focus on sustainability is the “Collaborative Science 
and Technology Network for Sustainability” (CSTNS). Through CSTNS, EPA will be 
funding innovative, regional-scale projects that address the high-priority challenges. 
These projects will be a testing ground for developing and applying tools while 
drawing on scientific understanding of the consequences of decisions and actions. 
CSTNS will provide an opportunity for communities, states, the private sector, EPA, 
and other government agencies to explore new approaches to environmental protec- 
tion that are systems-oriented, forward-looking, and preventative. 

EPA is developing a number of pilot projects that illustrate the potential for this 
approach. One pilot project that is under development in EPA’s Region 3 (Pennsyl- 
vania, West Virginia, Virginia, Delaware, Maryland, and the District of Columbia) 
is sustainable watershed management in the Delaware River Basin. This project 
will develop and implement strategies for sustainable water resource management 
in a watershed threatened by high population growth. EPA will work in cooperation 
with the United States Geological Survey; Delaware River Basin Commission 
(DRBC); the Commonwealth of Pennsylvania; local municipalities; the Brodhead 
Watershed Association and other stakeholders to evaluate the effects of growth and 
land use on groundwater, stream flows, and ecology in Pocono Creek. Tools will be 
developed to determine the appropriate ground water withdrawal limits considering 
environmental, economic, and social concerns. Those limits will be implemented by 
Monroe County, Pennsylvania to maintain the high quality of life in the watershed 
as future growth occurs. Research findings and results will be transferred to other 
parts of the Delaware River Basin as well as to other regions of the country. As 
evidenced by this project, CSTNS will transcend traditional regulatory approaches 
for air, water and land and rely on a more place-based perspective that takes a long- 
term view while measuring short-term outcomes. 

A second project, in collaboration with the Canaan Valley Institute; local commu- 
nities; State and local governments of the Mid-Atlantic Highlands area (portions of 
Maryland, Pennsylvania, Virginia, and West Virginia); West Virginia University; 
and other stakeholders, will develop and evaluate sustainable restoration tech- 
nologies. Methods for stream restoration, which address the problems of sedimenta- 
tion, riparian habitat loss and biological degradation will be included. In addition 
to the environmental benefits, it is expected that there will be increased potential 
for job creation as a result of restoration activities. Research findings and results 
will be transferred throughout the Mid-Atlantic Highlands area as well as to other 
regions of the country. 
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We envision that these projects, as well as those funded under the upcoming com- 
petitive solicitation for the next phase of CSTNS projects, will serve to integrate the 
many existing EPA programs, identify gaps and demonstrate how such practices can 
be applied in the real world. 

Sustainability Portal 

EPA has dozens of programs and activities that support elements of science and 
technology for sustainability. To provide better access to these programs and work 
to integrate them, EPA is developing a web portal (www.epa.gov ! sustainability). 
This portal will provide easy access to EPA tools and programs that can help indi- 
viduals, communities, and institutions achieve their sustainability goals. Links are 
provided to EPA programs and research for planning and practices, scientific and 
technical tools, measuring results and evaluating progress. The programs and re- 
search presented under “planning and practices” promote the integration of existing 
social, economic and environmental policies while anticipating new programs. Long- 
range, integrated planning and educating the next generation in sustainability prac- 
tices are also included. The “scientific and technical tools” section highlights the de- 
velopment of underlying scientific and engineering knowledge needed to develop 
sustainability tools and techniques. “Measuring results and evaluating progress” fo- 
cuses on providing a science-based foundation for monitoring and assessing trends 
in the environment and providing support for decision-making in businesses, com- 
munities, and across government. The website provides a “one-stop” portal to EPA’s 
programs and research appropriate to advancing the goal of sustainability. 

P3 Award: A National Student Design Competition for Sustainability 

To encourage the integration of sustainability into higher education and training, 
EPA launched the P3 Award competition in November 2003. “P3” was chosen to 
highlight people, prosperity and the planet — the three pillars of sustainability. The 
P3 Award is a partnership between the public and private sectors to achieve the 
mutual goals of economic prosperity while protecting the natural systems of the 
planet and providing a higher quality of life for its people. The P3 Award program 
(www.epa.gov ! P3) will provide up to 50 grants to interdisciplinary teams of college 
students to research, develop, and design sustainable solutions to environmental 
challenges in both the developed and the developing world. A panel convened by the 
National Academy of Engineering will select the P3 Award winners at an event on 
the National Mall. The winner(s) of the P3 Award will be eligible for additional 
funds from EPA to match contributions from the private sector for further develop- 
ment, implementation and placement in the marketplace. This will ensure that EPA 
is supporting the research and development of innovative, inherently benign, inte- 
grated scientific and technical solutions that will advance the goal of sustainability. 

EPA’S ONGOING PROGRAMS SUPPORTING GREEN CHEMISTRY AND 
ENGINEERING 

The framework for EPA’s ongoing programs is also based on Administrator 
Leavitt’s four components that the Agency is adopting to better and more quickly 
achieve its mission: science and technology innovation, market-based mechanisms, 
results, and collaborative networks. Focusing on research, development, and imple- 
mentation in this Agency-wide framework is one mechanism that EPA will use to 
move to the next level of environmental and human health protection. 

While the approaches previously discussed were developed to address all of the 
framework’s components, current EPA activities can also be classified using this 
model. The following sections highlight EPA’s activities in green chemistry and engi- 
neering, and more broadly, based on science and technology innovation, market 
mechanisms, results, and collaborative networks. 

Science and Technology Innovation 

Green chemistry and engineering are a critical part of EPA’s current activities on 
science and technology. Research, development, and implementation of green chem- 
istry and engineering are components of both the extramural Science to Achieve Re- 
sults (STAR) grant program as well as intramural activities. 

The Green Chemistry Research and Development Act of 2004 will build upon the 
active and successful research and development traditionally supported and con- 
ducted by the EPA. Since the mid-1990’s EPA has partnered with the National 
Science Foundation on a grants program called Technology for a Sustainable Envi- 
ronment (TSE) that focuses on green chemistry and engineering. In addition, EPA’s 
intramural research program is centered on innovative scientific and technical ad- 
vances in alternative energy sources, alternative reactor design, alternative solvent 
and catalyst strategies, and green metal finishing. 
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EPA has supported green chemistry and engineering research in both its intra- 
mural and extramural research programs. Including support for personnel, approxi- 
mately $6.9 million is included in the FY04 budget for green chemistry and engi- 
neering activities. Of this amount, research is about $5.1 million, including about 
$1.9 of personnel costs. About $2.4 million of the extramural funding is for competi- 
tive grants through the TSE program. (Approximately 70 percent of the research 
under TSE — whicH was $3 million in FY04 — is focused on green chemistry and engi- 
neering.) Due to a redirection of funds within EPA, funding for EPA’s portion of the 
TSE program was not provided in the President’s FY05 budget request. However, 
grants funded with prior year resources will continue. 

EPA’s Small Business Innovation Research (SBIR) program is another funding 
mechanism for innovative science and technology with economic and environmental 
benefits. EPA has also concentrated on the potential for innovative technologies to 
move us to the next level of environmental protection. Efforts include third-party 
environmental technology verification (ETV), an environmental technologies oppor- 
tunity web portal (ETOP), and the creation of the Environmental Technology Coun- 
cil (ETC). These programs focus on researching and developing a knowledge base 
to support the development sustainable alternatives, through green chemistry and 
engineering, to enhance or replace current designs that present environmental and 
human health challenges. 

Except for the SBIR and ETV, program, EPA’s research is pre-competitive. The 
research under TSE is relatively more fundamental and the in-house research is 
somewhat more applied. However, in both cases, the priorities for the research are 
driven by EPA’s goals and the research is in support of those goals. 

Technology for a Sustainable Environment (TSE) 

Since 1995, EPA and the National Science Foundation (NSF) have been partners 
in the Technology for a Sustainable Environment (TSE) program, a grants program 
designed to support research in pollution prevention. TSE (http:! ! www.epa.gov ! 
greenchemistryltse.html) is an integral part of EPA’s research program to support 
Agency program offices and regions and demonstrates leadership in addressing 
emerging environmental issues and advancing science and technology. TSE strongly 
encourages the collaboration of interdisciplinary academic researchers with indus- 
trial investigators who represent the eventual customers for the products of this re- 
search. 

Together, EPA and NSF have funded over 200 TSE grants totaling approximately 
$56 million for applied and fundamental research in the physical sciences and engi- 
neering that will lead to the discovery, development, implementation and evaluation 
of innovative environmentally benign molecules, products and processes. Due to a 
redirection of funds within EPA, funding for EPA’s portion of the TSE program was 
not provided in the President’s FY05 budget request. However, grants funded with 
prior year resources will continue. TSE research focuses on ideas that advance the 
development and use of innovative science, technologies, and approaches directed at 
avoiding or minimizing the generation of pollutants at the source. As such, TSE fo- 
cuses primarily on green chemistry and green engineering research. 

Green Chemistry. The goal of the green chemistry research portion, similar to the 
Green Chemistry Research and Development Act of 2004, is to develop safer commer- 
cial substances and environmentally benign chemical syntheses to reduce risks 
posed by the manufacture, use and disposal of commercial chemicals. By preventing 
pollution at its source and designing inherently benign chemicals and processes, 
green chemistry has the potential to reduce environmental risks while providing 
more cost-effective products. 

Green Engineering. The green engineering supported by TSE focuses on devel- 
oping novel engineering approaches for preventing or reducing pollution from indus- 
trial manufacturing activities. The scope of green engineering includes equipment 
and technology modifications, reformulation or redesign of products, substitution of 
alternative materials, and in-process changes. Although these methods are often 
linked to the chemical, biochemical, and materials process industries, they can be 
utilized in many other industries, such as semiconductor manufacturing systems. 

Quantifying Benefits. TSE also encourages research in physical sciences and engi- 
neering tbat will lead to the development of novel measurement and assessment 
techniques for green chemistry and engineering, and pollution prevention. Activities 
in this area include life cycle analysis, computational simulations, and process de- 
sign algorithms as well as the development of appropriate measurement methods 
to quantify outcomes in terms of direct benefits to human health and the environ- 
ment 

Environmental Benefits. To better demonstrate these benefits, research proposals 
for a grant under TSE must include a section entitled “potential impacts.” While the 
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research supported by this program may be related to an individual reaction, unit 
operation or unit process, the investigators must address the environmental benefits 
or impacts of the research in the broader context of the industrial system of which 
it is a part. In this regard, the proposal must contain a discussion of expected poten- 
tial environmental benefits or impacts in the broadest systems sense, which could 
include considerations of the efficient use of natural resources and energy and mate- 
rials flows in manufacturing, product use, recycling, recovery or ultimate disposal. 
In this section, it is strongly recommended that the investigator address issues such 
as: the pollutant or class of pollutants the research proposes to prevent or minimize; 
the seriousness and importance of the environmental problem; and how the pro- 
posed technology or method is more economical and more environmentally benign 
than current technologies or methods. 

Results. The goal of the TSE program is the discovery of innovative chemical al- 
ternatives with economic and environmental benefits through the design of inher- 
ently benign chemicals, materials, and energy for reduced risks, liabilities, acci- 
dents, and vulnerabilities. The first 64 of the 211 research grants funded under the 
TSE program produced 347 peer-reviewed journal articles, 25 book chapters, and six 
patents. In addition, one of the investigators funded under TSE was awarded the 
2001 Nobel Prize in Chemistry. 

Examples of research conducted through TSE (Appendix 1) highlight the potential 
for green chemistry and engineering research supported by the Federal Government 
to move from the laboratory to the marketplace. This research demonstrates mutual 
benefits to the economy and the environment in a wide array of industrial processes 
from alternative solvents to renewable and biodegradable materials to benign alter- 
natives for oxidation. 

All the TSE products that moved to commercialization had an important feature 
in common. These scientific and technical advances met or exceeded current cost 
and performance criteria, were competitive in the marketplace, and benefited 
human health and the environment. While it is extraordinary that there are TSE 
examples (Appendix 1) that have moved from the bench to commercialization in 
such a short timeframe (less than ten years), it demonstrates the potential for sci- 
entific and technical innovation in green chemistry and engineering to mutually 
achieve environmental and economic goals in the long-term. These innovations pro- 
vide a basis for science and technology for sustainability by achieving the mutual 
goals of economic prosperity while protecting the natural systems of the planet and 
providing a higher quality of life for its people. 

Green Chemistry Program 

EPA’s Green Chemistry Program (www.epa.gov I greenchemistry), in collaboration 
with EPA’s Office of Pollution Prevention and Toxic Substances, is directed at pre- 
venting pollution by promoting the design of less toxic chemical substances and 
identifying alternative chemical pathways that involve less toxic reagents or sol- 
vents and generate fewer toxic products or co-products. As part of this program, 
EPA initiated the Green Chemistry Challenge that includes an award to recognize 
those in industry and academia that have met the objectives of Green Chemistry 
in an exemplary way. The Challenge also includes TSE as a research component to 
enhance support for innovative, inherently benign alternative chemical products and 
processes. 

The Presidential Green Chemistry Challenge Awards Program (httpill 
www.epa.gov I greenchemistry / presgcc.html) is an opportunity for individuals, 
groups, and organizations to compete for annual awards that recognize innovations 
in cleaner, cheaper, and smarter chemistry. The Awards Program provides national 
recognition of outstanding chemical technologies that incorporate the principles of 
green chemistry into chemical design, manufacture, and use, and that have been or 
can be utilized by industry in achieving their pollution prevention goals. 

Award nominations are invited that describe the technical benefits of a green 
chemistry technology as well as its human health and environmental benefits. The 
Awards Program is open to all individuals, groups, and organizations, both nonprofit 
and for profit, including academia, government, and industry. The nominated green 
chemistry technology must have reached a significant milestone within the past five 
years in the United States; e.g., been researched, demonstrated, implemented, ap- 
plied, patented, etc. 

To date, the Award winning technologies alone are responsible for the following 
cumulative green chemistry benefits since 1996: eliminating 326,000,000 pounds of 
hazardous substances from commercial and industrial products and processes; sav- 
ing 390,000,000 gallons of water; and preventing 120,000,000 pounds of carbon diox- 
ide emissions. 
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EPA’s Intramural Science and Technology for Sustainability Research 

The mission of EPA’s intramural sustainability research (http:! ! www .epa.gov j 
ORDINRMRLIstdlindex.html) is to advance the understanding, development, and 
application of technologies and methods of prevention, removal, and control of envi- 
ronmental risks to human health and ecology. This research can be categorized by 
key areas including: alternative energy sources, alternative reactor design, alter- 
native solvent and catalyst strategies, and green metal finishing. As a result of this 
research, several significant scientific and technical advances in green chemistry 
and engineering have been developed and implemented. In addition, the researchers 
have developed software tools to enable inherently benign design and measure envi- 
ronmental and human health benefits of scientific and technological advances (Ap- 
pendix 2). 

Alternative Energy Sources. This research involves the use of new ener^ sources, 
such as microwaves and ultrasonic waves, as a means to enhance reaction condi- 
tions. The primary benefits of this approach include the reduction of reaction times 
from hours to minutes, a significant reduction of by-product or undesirable product 
formation, an overall increase in conversion of feedstocks, and the elimination of 
harmful solvents. 

Alternative Reactor Design. This research focuses on the use of new reactor de- 
signs to increase reaction efficiency and decrease energy consumption. These designs 
include a corona ozone generating reactor, a titanium dioxide (Ti02) ultraviolet (UV) 
reactor, and a spinning tube-in-tube reactor. The first two designs are considered 
advanced oxidation technologies that are best suited for use in oxidation-type reac- 
tions. They provide benefits such as increased conversion to desired products and 
minimal solvent or catalyst usage. The third reactor design is used for process in- 
tensification, a step that minimizes the time required to complete a given reaction. 
This in turn significantly reduces or completely eliminates by-product formation and 
increases overall conversion of the feedstock. 

Alternative Solvents and Catalysts. This research uses novel solvents and cata- 
lysts to increase reaction efficiency while minimizing the use of more traditional and 
harmful solvents. Strategies include using supercritical CO 2 as a reaction medium; 
using room-temperature ionic liquids as a reaction media; using benign hydrogen 
peroxide (H 2 O 2 ) to replace traditional catalysts (oxidants) such as magnesium per- 
manganate (KMn04) and chromium trioxide/sulfuric acid (Cr03/H2S04); and using 
nonvolatile, alternative, polyethylene glycol (PEG) to replace traditional solvents. 

Green Metal Finishing. EPA is working cooperatively with industry leaders in the 
metal finishing sector to provide green solutions to their most critical issues. The 
program has investigated the use of less toxic process alternatives for various metal 
finishing systems that are both energy efficient and cost effective, and in the end, 
more sustainable. The program has identified greener chemical replacements to sev- 
eral metal finishing processes, including hexavalent chromium. Presently, the pro- 
gram is evaluating green chemistry alternatives to chlorinated solvents and alkaline 
cleaners for degreasing operations in the metal finishing industry. 

Additional Research. Additional intramural research focuses on industrial multi- 
media and systems analysis. The industrial multimedia research includes mine 
waste technology, metal finishing pollution prevention, metal forming, fuel cell ap- 
plications, lead paint abatement, and base catalyzed dechlorination for contami- 
nated soil remediation. The objective of the sustainable environments research is to 
construct a strategy for sustainable environmental management using economics ap- 
proaches, water resource and land use planning, physical and ecological theory, and 
technological methods and knowledge implemented through computer-based tools, 
field data, and human experience to reduce risks to human health and the ecology. 
The main research efforts under systems analysis focus on life cycle assessments, 
cost engineering and cost benefit, chemical simulation and measurement, and pollu- 
tion prevention at federal facilities. 

Small Business Innovation Research (SBIR) 

The EPA is one of 1 1 federal agencies that participate in the SBIR Program estab- 
lished by the Small Business Innovation Development Act of 1982. The SBIR pro- 
gram (http: II www.epa.gov ! ncer ! sbir) supports research in cutting-edge environ- 
mental technologies. EPA issues annual requests for applications for Phase I and 
Phase II research proposals from science- and technology-based firms. Through this 
phased approach to SBIR funding, EPA can determine whether the research idea — 
often on high-risk advanced concepts — is technically feasible, whether the firm can 
conduct high-quality research, and whether sufficient progress has been made to 
justify a larger Phase II effort. 

Historically, EPA has solicited projects on pollution prevention through SBIR. In 
2004, however, EPA is focusing a significant portion of the program on pollution 
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prevention and hazardous waste minimization. Working across EPA program and 
regional offices, we are soliciting highly relevant proposals to address pressing envi- 
ronmental challenges. These solicitations specifically request green chemistry and 
engineering innovations for alternatives to high-priority chemicals and environ- 
mental challenges ranging from inherently benign flame-retardants to lead and mer- 
cury alternatives to green building design. These newly solicited projects will be- 
come part of a legacy of pollution prevention science and technology successful de- 
veloped under SBIR (Appendix 3). 

Environmental Technology Verification 

In October 1995, EPA established the Environmental Technology Verification 
(ETV) Program (http: II www.epa.gov ! etv). The goal of ETV is to provide credible 
performance data for commercial-ready environmental technologies in order to speed 
their implementation for the benefit of vendors, purchasers, permitters, and the 
public. Because the level of potential environmental risk reduction for a technology 
is directly related to its level of performance and effectiveness, EPA verifies the per- 
formance of innovative, private-sector environmental technologies. It is important to 
note that private-sector technology developers produce almost all of the new tech- 
nologies purchased in the United States and around the world. ETV offers pur- 
chasers and permitters of environmental technology an independent, objective, and 
high-quality source of performance information for informed decision-making. 

Processes. EPA’s ETV Program develops testing protocols and verifies the perform- 
ance of innovative technologies that have the potential to improve how we protect 
human health and the environment. The ETV Program operates as a public/private 
partnership through agreements between EPA and private testing and evaluation 
organizations. These ETV verification organizations work with EPA technology ex- 
perts to create efficient and fully quality-assured testing procedures that verify the 
performance of innovative technologies in air, water, soil, ecosystems, pollution pre- 
vention, waste, and monitoring. All quality assurance plans and protocols are devel- 
oped with participation of technical experts, stakeholders, and vendors and are 
available prior to testing, peer reviewed by other experts, and updated after testing, 
as appropriate. 

Results. Since ETVs inception in 1995, more than 200 environmental technologies 
have been verified and more than 70 protocols for technology testing have been de- 
veloped. A 2001 survey of participating vendors indicated that 73 percent of the ven- 
dors were using ETV information in product marketing and 92 percent of those sur- 
veyed responded that they would recommend ETV to other vendors. To date, more 
than 25 vendors have returned to ETV for additional product verification. 

Environmental Technology Opportunities Portal (ETOP) 

The Environmental Technology Opportunities Portal (ETOP) (www.epa.gov ! etop) 
is a web network designed to promote programs that foster the development of new, 
cost-effective environmental technologies and relay existing EPA environmental 
technology information (such as best available technologies for air, water and waste 
treatment and control). 

ETOP highlights funding opportunities, information, and links to EPA and other 
programs that assist in development and commercialization and others that foster 
the use and acceptance of innovative technologies through collaborative recognition 
and incentive, and advocacy and information programs. Links are also provided to 
other agencies and groups outside EPA that offer environmental technology informa- 
tion. 

ETOP was established as a result of a Congressional mandate through the FY 
2003 House Appropriations Conference Report 108-10, page 1438. Congress directed 
EPA to develop a “one-stop-shop” office to coordinate similar programs that foster 
private and public sector development of new, cost-effective, environmental tech- 
nologies. As part of the requirement to establish the “one-stop-shop” office, EPA es- 
tablished ETOP as an Internet portal page. ETOP was designed to clearly outline 
and highlight all of EPA programs as well as others that foster the development 
of environmental technologies, giving users direct access to funding and other incen- 
tive programs. 

ETOP, while not specifically focused on science and technology for sustainability, 
provides a means to search on advances and opportunities at EPA in the areas of 
green chemistry and green engineering. ETOP provides a much needed mechanism 
to raise awareness and increase communication between the public and private sec- 
tors in developing and commercializing new technologies that benefit human health 
and the environment. 
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Environmental Technology Council (ETC) 

EPA is presently establishing the Environmental Technology Council with mem- 
bers from all Agency technology programs, offices and regions. The ETC will en- 
hance the communication and coordination of all EPA technology activities, espe- 
cially for priority environmental problems. This will improve results of core regu- 
latory, enforcement, and voluntary programs and will facilitate innovative tech- 
nology solutions to environmental challenges, particularly challenges with multi- 
media or place-based elements. The challenges addressed will be clearly related to 
the Agency’s strategic plans, advance the Agency’s mission of protecting human 
health and the environment, and contribute to moving the Agency to sustain- 
ability — the next level of environmental protection. 

Results 

A focus on science and technology for sustainability will enable EPA and the Na- 
tion to more cost-effectively attain the ultimate environmental results of clean air, 
pure water, and protected land. Pollution prevention, achieved through the research, 
development, and market-adoption of green chemistry and engineering tools and 
technologies, is the foundation of such an approach. Green chemistry and engineer- 
ing, along with environmentally benign manufacturing and industrial ecology, en- 
able United States industries to design environmental benefits into their processes, 
products, and systems so that pollution and environmental hazards are avoided. 
These fields also enable United States industry to more effectively use benign mate- 
rials and resources that are have the potential to beneht national security as well 
as the environment. Finally, these fields enable United States industry to remain 
economically competitive in the global marketplace by reducing risks, 
vulnerabilities, and the potential for accidents. 

Future Plans. To better address outcomes and the recommendations of the Admin- 
istration’s Program Assessment Rating Tool (PART) analysis, EPA is making a stra- 
tegic shift in its goals for Pollution Prevention and New Technologies (P2NT). The 
shift reflects the growing recognition that the goals of pollution prevention are the 
first steps in moving to the next level of environmental and human health protec- 
tion. EPA is now focused on improving practices and approaches through P2NT. We 
are also developing a new research program. Science and Technology for Pollution 
Prevention and Sustainability (STPPS) that will be both intramural and extra- 
mural. 

Intramural Program. Three overarching issues have been established to guide the 
direction and measure the progress of the new intramural STPPS program: identi- 
fying and dehning sustainable systems; identifying metrics to measure progress to- 
wards sustainability; and developing methods, technologies, and approaches that 
can contribute to sustainability-based policies. This represents a shift to place-based 
environmental challenges that can be diffuse and have multi-media elements. 

EPA’s green chemistry and engineering research is currently focused on pollution 
prevention activities. These scientihc and technical advances will now be quantihed 
in terms of sustainability metrics and focused on the highest priority environmental 
challenges for the Agency and industry. For example, research will be conducted on 
designing tradable credits programs for storm-water runoff control and developing 
sustainability criteria for critical ecosystem restoration. By refocusing the modeling 
and simulation strength of P2NT to a long-term goal of computational environ- 
mental protection, research outcomes will create simulated “ecological-economic-so- 
cial” systems. Environmental decision-support tools and methods will deliver results 
on applying, calibrating, and validating current life-cycle models and applying them 
to sustainable technologies, policies, products and processes. This will lead to an in- 
tramural research program that is not only working toward EPA’s mission and sus- 
tainability, but to one that can be quantified in terms of clear benehts to economic, 
environmental, and social systems. 

Extramural Research. EPA’s extramural research program is also refocusing its 
efforts towards sustainability with quantihable results in terms of the Agency’s mis- 
sion. Primary research will support research to use materials and energy more effec- 
tively while shifting to more inherently benign materials and energy sources. The 
most significant way to move to inherently benign material and energy flows is to 
advance green chemistry and engineering and to demonstrate these advancements 
in terms of economic and environmental improvements. It is important to recognize 
multiple benefits of an extramural STPPS research program. Such a program devel- 
ops underlying scientific and engineering expertise; stimulates broader adoption of 
principles and practices in an academic community such as in chemical sciences and 
engineering; and helps to educate the next generation of scientists and engineers. 

EPA recognizes the importance of demonstrating quantifiable, meaningful out- 
comes from our intramural and extramural research programs. The work to date 
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has resulted in significant benefits to human health and the environment and fu- 
ture directions will build upon this legacy. By integrating these results into new re- 
search activities, EPA will be in a position to establish that economic and environ- 
mental goals can be achieved simultaneously and sustainably. 

Collaborative Networks 

EPA consistently uses collaborative networks to advance its mission of protecting 
human health and the environment. EPA’s focus on science and technology sustain- 
ability also depends on working within EPA, across the government, and throughout 
the private sector to bring the most relevant science to all stakeholders to improve 
the economy and the environment for social benefit. These networks include EPA’s 
program offices and regions, working through the National Science and Technology 
Council’s Committee on Environment and Natural Resources (CENR), and collabo- 
rating with other Agencies including the Department of Energy (DOE), National 
Science Foundation (NSF), and the National Institute of Standards and Technology 
(NIST). EPA also reaches out to state, local, and tribal governments as well as the 
private sector and non-governmental organizations (NGOs) on issues of sustain- 
ability. 

EPA’s Program Offices and Regions 

EPA’s research and development activities are intimately related to activities in 
the program offices and regions. While these relationships exist throughout the 
Agency and across the Agency’s mission, the following examples will focus on col- 
laborations of EPA’s Office of Research and Development with the EPA’s Office of 
Solid Waste and Emergency Response and Office of Water as well as the regional 
offices that are advancing science and technology for sustainability. 

Resource Conservation Challenge, Office of Solid Waste. The Resource Conserva- 
tion Challenge (RCC) (www.epa.gov tree) is a major national effort to find flexible, 
yet more protective ways, to conserve our valuable resources through waste reduc- 
tion and energy recovery activities. The RCC extends across EPA programs and 
media to include waste, water, air, toxics, pollution prevention, pesticides, and com- 
pliance, as well as activities in the regions, states, and tribes. The RCC identifies 
areas of program focus, or “challenges” that are ready for voluntary partnerships. 
Each of these challenges works to resolve national environmental problems by find- 
ing environmentally acceptable solutions that are long-term, preventative, com- 
prehensive, and sustainable. One of the key areas of the RCC is “targeted chemi- 
cals.” EPA has targeted 30 chemicals that are potential environmental hazards and 
challenged American industries to cutback on the use of these agents. As part of 
the RCC, EPA has pledged to support projects that help eliminate chemicals from 
the waste stream. The Agency’s primary focus will be to secure commitments from 
the highest volume generators, sectors, and their related industry associations to re- 
duce these chemicals in products, emissions, and waste. Clearly, green chemistry 
and engineering represents a vital area of research in meeting the RCC’s targeted 
chemical challenge in a long-term, sustainable manner. 

Smart Growth, Office of Water; Office of Policy, Economics, and Innovation; and 
Regional Offices. Smart growth (http: II www.epa.gov ! livability ! ) is development 
that serves the economy, the community, and the environment. It changes the terms 
of the development debate from the traditional growth/no growth question to “how 
and where should new development be accommodated.” Smart growth answers these 
questions by simultaneously achieving healthy communities that provide families 
with a clean environment, balancing development and environmental protection, en- 
couraging economic development and jobs, and promoting strong neighborhoods and 
transportation choices. Much research has been conducted to determine if a more 
balanced pattern of growth could benefit the environment. Preliminary results from 
these studies indicate that smart growth developments can minimize air and water 
pollution, facilitate brownfields cleanup and reuse, and preserve open space. Re- 
search must also be conducted to address how development patterns are influenced 
by market forces and by local, state, and federal policies and initiatives. Smart 
growth aims to minimize development’s impact on the environment through sound 
site decisions and finding a sustainable balance of economic, social and environ- 
mental systems. 

Interagency Collaboration 

Critical to EPA advancing its mission and the goal of sustainability is close coordi- 
nation and interaction with other government agencies. While EPA has many bilat- 
eral agreements with other agencies, such as the partnership with NSF for the TSE 
program and the Department of Energy through a formal Memorandum of Under- 
standing, EPA also coordinates with other agencies through the Committee on Envi- 
ronment and Natural Resources (CENR) under the National Science and Technology 
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Council. The CENR addresses science policy matters and research efforts that cut 
across agency boundaries and provide a formal mechanism for interagency coordina- 
tion relevant to domestic and international environmental and natural resources 
issues. The CENR recently discussed the addition of an Interagency Working Group 
on sustainability, clearly a crosscutting issue that ERA welcomes. The CENR has 
been an effective mechanism for working with other agencies and will serve as an 
excellent model for the new Interagency Working Group on Green Chemistry estab- 
lished under this bill. The CENR has played a role in significantly advancing col- 
laboration with other agencies, specifically on issues related to sustainability, in- 
cluding advancing the mutual goals of economic growth and environmental protec- 
tion. 

State and Local Governments 

Strong partnerships between ERA and the states achieve better environmental re- 
sults. ERA has always worked with states to plan, set priorities, and encourage in- 
novation to solve environmental problems. Most recently, ERA has begun to work 
with states to determine the most effective and appropriate ways for ERA to bring 
sound science to state-level decision-makers for environmental protection. At the 
same time, ERA is working with the Environmental Council of States (ECOS) to as- 
sess the sustainable development programs underway in the states and determine 
how states address their scientific needs in the context of meeting environmental 
goals. This project entails compiling a compendium of state sustainability activities, 
research needs, and existing means by which states access sound science. The com- 
pendium will include information about flagship sustainability projects in the states 
as well as an inventory of legislative, regulatory, and non-regulatory programs and 
tools. This represents one way in which ERA is working with states for improved 
environmental and human health protection as well as advancing the goal of sus- 
tainability. 

Tribes 

The American Indian Environmental Office (AIEO) coordinates the Agency-wide 
effort to strengthen public health and environmental protection in Indian Country, 
with a special emphasis on building tribal capacity to administer their own environ- 
mental programs. AIEO oversees development and implementation of the Agency’s 
Indian Policy and strives to ensure that all EPA headquarters and regional offices 
implement their parts of the Agency’s Indian Program in a manner consistent with 
Administration policy. One aspect of this relationship is the National EPA-Tribal 
Science Council, commonly referred to as the Tribal Science Council (TSC). The TSC 
was created in partnership with tribal representatives to help integrate Agency and 
tribal interests, specifically with respect to environmental science issues. The TSC 
provides a forum for tribes and EPA to identify priority environmental science 
issues and collaboratively design effective solutions to environmental concerns. 
Through this partnership, EPA and Indian Country are moving towards improved 
sustainable, comprehensive, long-term approaches to environmental and human 
health protection. 

Beyond Government 

EPA has extensive collaborations and partnerships beyond the government with 
non-governmental organizations (NGOs) and industry. Because these activities are 
so numerous, they cannot be included here. While many of the EPA’s programs fo- 
cused on sustainability — including the Collaborative Network for Sustainability and 
the P3 Award — encourage partnerships across a range of stakeholders, there are 
several existing examples that demonstrate collaborations specific to advancing 
science and technology for sustainability. The examples shown in Appendix 4 rep- 
resent current ongoing activities in terms of green chemistry, green engineering, 
pollution prevention and sustainability with the American Chemical Society and 
other activities with the private sector through the National Environmental Per- 
formance Track. 

CONCLUSION 

By conducting research, developing green alternatives, implementing solutions, 
and measuring results, EPA will achieve its mission more quickly and more cost- 
effectively. Green chemistry and engineering are at the core of science and tech- 
nology, and represent a critical component for EPA’s move to the next level of envi- 
ronmental protection. Through science and technology innovations, demonstrated re- 
sults, and collaborative networks, EPA continues to bring strong science to Federal, 
State, local, and tribal governments as well as the private sector for catalyzing ac- 
tion in protecting human health and safeguarding the environment. While we look 
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forward to working with the Committee to meet the goals of this legislation, the Ad- 
ministration believes that it is unnecessary to enact this legislation at this time. 
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Appendix 1 

Examples of Results from the EPA/NSF Technology for a 
Sustainable Environment (TSE) Grants Program 


TSE Grant Example 1 : In the first few years of the TSE program, research focused 
on environmentally benign solvents. Organic solvents are often toxic substances 
with widespread use as intermediates and final products. The early TSE research 
focused on identifying environmentally benign alternatives to toxic solvents such as 
liquid or supercritical CO 2 , water, and ionic liquids. CO 2 became the primary focus 
of TSE research when EPA and NSE received numerous, high-quality proposals that 
addressed the key scientific questions related to the use of CO 2 as an alternative 
solvent. In 2003, EPA funded a “State of the Science” report on the use of CO 2 as 
a solvent that outlined the scientific progress and growing commercial interest in 
CO 2 . The report noted that the “use of CO 2 as a solvent is fast becoming ’mature’, 
an achievement due in large part to sustained funding in the area from EPA and 
NSE.” 

TSE-funded research has resulted in the development of C02-based processes as 
alternatives to organic or halogenated solvents for cleaning, treating, and coating 
surfaces. This work resulted from a 1997 grant awarded to Dr. Joseph DeSimone 
at the University of North Carolina-Chapel Hill. His research led to the develop- 
ment of specialty detergent systems that easily dissolve in CO 2 . A small business 
was then created and funded by EPA under its Small Business Innovation Research 
(SBIR) program to advance this technology as an alternative to traditional dry 
cleaning. Implementing this technology in the dry-cleaning sector has resulted in 
significant reductions of perchloroethylene (perc) emissions (a suspected carcinogen) 
and the associated burdens of environmental regulations. This technology is now 
being used in five states and over 100 dry cleaning establishments. 

These same technological advances used to develop CO 2 as an alternative solvent 
led Dr. DeSimone to develop a process to manufacture polytetrafluoroethylene (Tef- 
lon) using CO 2 . This process replaced previous processes that used chlorinated 
chemicals or millions of gallons of water that needed to be treated before they en- 
tered the public water system. 

DuPont, the manufacturer of Teflon, adopted this innovative process and an- 
nounced that it would invest $276 million to build and operate a world-class manu- 
facturing facility in Eayetteville, North Carolina, using this new technology. 

The potential for CO 2 as an environmentally preferable solvent is now being real- 
ized in several additional areas, including separation processes in the food industry, 
coatings in the automotive and furniture industries, polymer production and proc- 
essing, and cleaning processes for the garment care (dry cleaning) and microelec- 
tronics industries. 'The cost of ownership associated with the continued use of or- 
ganic solvents is no longer a minor issue and CO 2 presents a unique, cost-effective, 
benign alternative to utilizing a potential environmental pollutant as a feedstock. 

For more information, see (http://cfpub.epa.gov/ncer_abstracts/index.cfm/ 
fuseaction/display.abstractDetail/abstract/905/report/0). 

TSE Grant Example 2: A critical component of waste minimization in fine chemi- 
cals manufacture is the substitution of classical organic syntheses using stoichio- 
metric amounts of inorganic reagents with cleaner, catalytic alternatives. New and 
improved catalysts will enable important chemical reactions to be conducted under 
milder conditions, with less energy expenditure, in a shorter time, using less reac- 
tive and more environmentally friendly chemicals and solvents. For these reasons, 
catalysis is another area of research focus under TSE. 

A 'TSE grant awarded by EPA in 1996 to Dr. Terrence Collins at Carnegie Mellon 
University, Pittsburgh, Pennsylvania, led to the development of oxidant activators 
based on iron. These activators promise extensive environmental benefits including 
a significant reduction in chlorinated pollutants. In addition, these alternative cata- 
lysts provide superior technical performance and significant cost and energy savings 
across a wide range of oxidation technologies. 

Uses for these oxidant activators range from pulp and paper bleaching to fuel 
desulfurization to water disinfection, and most recently, biological or chemical de- 
contamination for homeland security. In the case of pulp and paper bleaching, these 
activators proceed rapidly and efficiently at ambient temperatures with competitive 
performance while completely eliminating chlorinated pollutants. 

More than 85 percent of recalcitrant sulfur compounds in refined automotive fuels 
can be easily removed using these powerful, environmentally friendly catalysts. Fur- 
ther development of this technology has the potential to provide an attractive alter- 
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native to existing methods that remove sulfur contaminants from fuels. Sulfur is as- 
sociated with human health impacts, contributes to acid rain, and causes engines 
to burn less efficiently. This innovative technology demonstrates immediate environ- 
mental benefits by simultaneously reducing sulfur emissions from fuel combustion 
and improving fuel efficiency. 

Given the widespread applicability of this technology and its demonstrated envi- 
ronmental and economic benefits. Dr. Collins is currently negotiating with several 
companies to manufacture these oxidants on a metric-ton scale for widespread use. 

For more information, see (https://www.fastlane.nsf.gov/servlet/ 
showaward?award=9612990). 

TSE Grant Example 3: Another area of research concentration in the TSE pro- 
gram has been the use of renewable, bio-based feedstocks for chemical production. 
Use of renewable resources reduces the reliance on petroleum and has significant 
long-range strategic benefits for the U.S. Bio-based feedstocks also do not have envi- 
ronmental impacts associated with petroleum refining and processing. A “State of 
the Science” report on the development of this process and the contribution of TSE 
research is currently in progress. 

A TSE grant awarded by EPA in 1998 to Dr. John Dorgan at Colorado School of 
Mines in Golden, Colorado, contributed to the development of the first family of 
polymers derived entirely from annually renewable resources that can compete with 
traditional fibers and plastic packaging materials on a cost and performance basis. 
These polymers are based on polylactic acid (PLA), a fully biodegradable and com- 
pletely recyclable material, which is produced by fermenting and distilling corn 
sugar. PLA production also uses internal recycle streams to eliminate waste, result- 
ing in over 95 percent yields and preventing pollution at the source. 

This technology is the basis for the world’s first global-scale manufacturing facility 
capable of making commercial-grade plastic resins from annually renewable re- 
sources such as ordinary field corn. Cargill-Dow opened this facility in November 
2001 after a $750 million investment. The plan now produces more than 300 million 
pounds of PLA annually and employs close to 100 people. From the corn plant to 
the retail counter, PLA has a lifecycle that reduces fossil fuel consumption by up 
to 50 percent. In addition, the process to make PLA generates 15 to 60 percent less 
greenhouse gases (GHG) than the material it replaces. Research also shows that 
technology advancements in PLA could allow up to 80 to 100 percent reduction in 
GHGs. This unique technology offers a new material alternative that competes on 
performance and price, while also reducing impact on the environment. 

For more information, see (http://cfpub.epa.gov/ncer_abstracts/index.cfm/ 
fuseaction/display.abstractDetail/abstract/967/report/O). 
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Appendix 2 


Intramural Research, Development, and Implementation at 

EPA 

As a result of EPA intramural research, several significant scientific and technical 
advances in green chemistry and engineering have been developed and implemented 
including: 

• A novel process reactor, called a “Spinning Tube-in-Tube” or STT Reactor, has 
been used by EPA research staff to enhance the effectiveness of new catalysts. 
The STT Reactor, developed by Kreido Laboratories, consists of a small cyl- 
inder spinning within a hollow tube at speeds beyond 5500 rpm. This creates 
a well-stirred medium for chemical reactions such that mass transfer limita- 
tions can be either minimized or eliminated. The SST Reactor embodies the 
idea of process intensification through its potential for high throughput while 
maintaining a small physical footprint. Utilizing a CRADA with Kreido, EPA 
obtained an operating STT reactor for in-house experimentation. Emplo 3 dng 
the newly created EPA-designed catalysts, and using identical reaction condi- 
tions, researchers have been able to decrease the reaction time for partial se- 
lective oxidation of cyclohexane from four hours in a traditional batch reactor 
to below 25 minutes in the STT reactor. Current^, additional experiments 
with the STT Reactor are being negotiated under CRADAs to allow EPA re- 
searchers to develop other green chemistry applications for chemical produc- 
tion where significant toxic releases occur. 

• Over the years, EPA’s Green Metal Finishing program has evolved through 
close interactions with the regulatory programs in the offices of Water and 
Air Quality and Planning and Standards (OAQPS) in the Office of Air and 
Radiation. One project evaluated the use of fume suppressants for emissions 
control in hard chrome plating operations, an industry dominated by small 
businesses. Using this work, OAQPS revised their newly promulgated meix- 
imum achievable control technology (MACT) emission standards to include 
the results of the EPA demonstration of fume suppressants. The adoption of 
this technology resulted in multi-million dollar cost savings to industry, as 
well as major improvements in both EPA and Occupational Safety and Health 
Administration compliance. EPA was also involved with the metal finishing 
industry under the Common Sense Initiative (CSI) program involving indus- 
try, stakeholder groups, and the Agency’s program offices including Office of 
Water, OAQPS and Office of Solid Waste. Ultimately, the CSI’s Metal Fin- 
ishing Committee developed a research agenda that was jointly implemented 
by EPA’s laboratory and industry groups. EPA and the American 
Electroplaters and Surface Einishers Society jointly sponsor an annual con- 
ference to insure that the results of this research are transferred between the 
research office, program offices, and industry. 

• Researchers in EPA developed a novel process reactor called a Corona Reac- 
tor. This reactor can be effectively and efficiently used in industrial oxidation 
processes, such as in the oxidation of alcohols and hydrocarbons for the pro- 
duction of value-added products. It can also be applied in advanced air and 
water cleaning processes. The Corona Reactor (patent pending) uses an oxida- 
tion protocol that has the advantage of the high oxidizing power of ozone 
formed within the reactor, as well as the photo-oxidation capability of UV 
light generated during ozone formation. This research has been conducted in 
collaboration with Washington University at St. Louis and a small business 
supported by EPA’s SBIR program, Ceramatec, of Salt Lake City, Utah. The 
cleaning of indoor and airline cabin air are two potential applications of this. 
Other applications include the cleaning and partial and deep oxidation of 
waste gas streams from kraft pulp and paper mills. This ongoing study is 
being done in collaboration with Miami University and the Mead Westvaco 
Pulp and Paper Company of Chillicothe, Ohio. 

As a result of EPA intramural research, several significant tools in science and 
technology for sustainability have been developed and implemented including: 

• Program for Assisting the Replacement of Industrial Solvents (PARIS II): 
EPA is working to find cost-effective alternatives for industrial solvents that 
raise concerns for worker health and toxins in the environment. PARIS II is 
a software tool created to address this need by identifying pure chemicals or 
design mixtures that can serve as alternatives to more hazardous substances 



40 


currently in use. The “greener” solvents formulated by PARIS II have im- 
proved environmental properties and can perform as well as the solvents they 
were designed to replace. 

• Tool for the Reduction and Assessment of Chemicals and other environmental 
Impacts (TRACI): The most effective way to achieve long-term environmental 
results is to use a consistent set of metrics and a coherent decision-making 
framework. The EPA developed TRACI, a software package that characterizes 
the potential effects of specific chemicals or processes on ozone depletion and 
global warming, human health and the ecosystem. TRACTs modular design 
allows the most sophisticated impact assessment methodologies to be com- 
piled. TRACI can be used in life cycle assessments, to improve design, set cor- 
porate environmental goals, plan a path to meet those goals, and then meas- 
ure environmental progress. 

• Waste Reduction Algorithm (WAR): In traditional chemical process design, at- 
tention is focused primarily on minimizing cost while the environmental im- 
pact of a process is often overlooked. This could, in many instances, lead to 
the production of large quantities of waste materials. It is possible to reduce 
the generation of these wastes and their environmental impact by modifying 
the design of the process. EPA recently developed a method to reduce wastes 
that is based on a potential environmental impact (PEI) balance for chemical 
processes. The PEI is a relative measure of the potential for a chemical to 
have an adverse affect on human health and the environment. The result of 
the PEI balance is an impact (pollution) index that provides a measure of the 
impact of the waste generated by a process. The goal of this methodology is 
to minimize the PEI for a process instead of minimizing the amount of waste 
(pollutants) generated by a process. The impact estimation algorithm is so- 
phisticated and flexible enough to allow users to emphasize or de-emphasize 
different hazards as needed for particular applications. The result is a robust 
process design that integrally incorporates environmental impact reduction. 
The first version of the WAR Algorithm has been integrated into the commer- 
cial simulator ChemCAD IV under a Cooperative Research and Development 
Agreement (CRADA) between the EPA and Chemstations, Inc. A number of 
other CRADAs are being negotiated that involve further development of the 
WAR algorithm. 
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Appendix 3 

Success Stories in Pollution Prevention from EPA’s Small 
Business Innovation Research Program 


SBIR Example 1 : EnerTech Environmental, Atlanta, Georgia, has successfully de- 
veloped an innovative process that chemically converts municipal sewage sludge, 
municipal solid waste, and other organic wastes into a high-energy, liquid fuel that 
is cleaner to combust than most fuels. This process eliminates the need to burn or 
bury organic wastes and begins to address the environmental burdens associated 
with combustion and landfills. Instead it produces E-fuel, a valuable and cleaner 
supplement or substitute for conventional fuels such as coal or oil. 

For more information, see (http://cfpub.epa.gov/ncer_abstracts/index.cfm/ 
fuseaction/display.abstractDetail/abstract/i517/report/0). 

SBIR Example 2: Creare Incorporated, Hanover, New Hampshire, has designed a 
novel cutting tool-cooling system (CUTS) that eliminates the need for cutting fluids 
by indirectly cooling the cutting tool. Many companies use these costly and often en- 
vironmentally problematic cutting fluids during machining operations. CUTS meets 
or exceeds current machining performance, including tool life and final product 
quality, when compared to traditional cooling systems that use cutting fluids. This 
technology uses a prevention-oriented approach that alleviates the human and envi- 
ronmental health and safety issues associated with cutting fluids. 

For more information, see (http://cfpub.epa.gov/ncer_abstracts/index.cfm/ 

fuseaction/display.abstractDetail/abstract/6098/report/0). 

SBIR Example 3: Lynntech, Incorporated, College Station, Texas, is working to 
commercialize a fundamentally new, inorganic conversion coating that is chromium 
free and will protect aluminum from corrosion. Potentially toxic chromium conver- 
sion coatings are used extensively to protect aluminum parts for the aerospace, 
automobile, construction, and consumer products industries. Lynntech’s newly devel- 
oped protective coatings meet rigorous corrosion protection standards and also elimi- 
nate chromium exposure in the workplace and the environment. 

For more information, see (http://cfpub.epa.gov/ncer_abstracts/index.cfm/ 

fuseaction/display.abstractDetail/abstract/1375/report/O). 
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Appendix 4 

Examples of Collaborative Networks with the Private Sector 
Related to Green Chemistry, Green Engineering, Pollution 
Prevention, and Sustainability 


American Chemical Society (ACS): EPA and the ACS have partnered for the 
past eight years to host an annual Green Chemistry and Engineering Conference 
on issues that include global awareness, innovation, homeland security, and sustain- 
ability. A key objective of these conferences is to extend and strengthen the commu- 
nity of scientists, engineers, government officials, and the public in support of green 
chemistry. Conferences and symposia provide important opportunities for peer re- 
view, network building, increased awareness, and general development of a Green 
Chemistry community. 

National Environmental Performance Track: This voluntary partnership pro- 
gram recognizes and rewards private and public facilities that demonstrate strong 
environmental performance beyond current requirements. The program is based on 
the premise that government should complement existing programs with new tools 
and strategies that not only protect people and the environment, but also capture 
opportunities for reducing costs and spurring technological innovation. Performance 
Track encourages participation of small, medium, and large facilities and its mem- 
bers are located throughout the United States and Puerto Rico. 

All major industries are represented in Performance Track, with manufacturers 
of chemical, electronic and electrical, and medical equipment composing nearly 40 
percent of the 344 members. Performance Track also provides recognition, regu- 
latory flexibility, and other incentives that promote high levels of environmental 
performance and provide a learning network where best practices can be shared. 
The program encourages continuous environmental improvement through the use of 
environmental management systems. Public outreach, community involvement, and 
performance measurement are also important components of the program. Perform- 
ance Track works within the business environment to encourage industry to reduce 
environmental emissions below regulated levels through approaches that are cost- 
effective. 

For more information, see http://www.epa.gov/performancetrack. 
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Biography for Paul Gilman 

In April 2002, Dr. Gilman was sworn-in to serve as the Assistant Administrator 
for the Office of Research and Development which is the scientific and technological 
arm of the Environmental Protection Agency. In May 2002, he was appointed the 
Agency Science Advisor. In this capacity, he will be responsible for working across 
the Agency to ensure that the highest quality science is better integrated into the 
Agency’s programs, policies and decisions. 

Before his confirmation, he was Director, Policy Planning for Celera Genomics in 
Rockville, Maryland. Celera Genomics, a bio information and drug discovery com- 
pany, is known for having decoded the human genome. In his position Dr. Gilman 
was responsible for strategic planning for corporate development and communica- 
tions. 

Prior to joining Celera, Dr. Gilman was the Executive Director of the life sciences 
and agriculture divisions of the National Research Council of the National Acad- 
emies of Sciences and Engineering. The National Research Council is the operating 
arm of the National Academies which were chartered to provide independent advice 
to the government in matters of science and engineering. Dr. Gilman’s divisions fo- 
cused on risks to health and the environment, protection and management of biotic 
resources, and practical applications of biology including biotechnology and agri- 
culture. 

Before joining the National Research Council. Gilman was the Associate Director 
of the Office of Management and Budget (0MB) for Natural Resources. Energy, and 
Science. There he coordinated budget formulation, regulatory, and legislative activi- 
ties between agencies such as the Environmental Protection Agency, National 
Science Foundation, Agriculture, and Energy with the Executive Office of the Presi- 
dent. 

Dr. Gilman served as Executive Assistant to the Secretary of Energy for technical 
matters before joining the 0MB. His responsibilities included participating in policy 
deliberations and tracking implementation of a variety of programs including the 
Department’s environmental remediation and basic science research. 

Gilman has 13 years of experience working on the staff of the United States Sen- 
ate. He began that time as a Congressional Science Fellow sponsored by the Amer- 
ican Association for the Advancement of Science in the office of Senator Pete V. 
Domenici. Later, as the Staff Director of the Subcommittee on Energy Research and 
Development, he was involved in the passage of the Nuclear Waste Policy Act of 
1982 and oversight of energy technology and environmental research. Later he 
served as the chief-of-staff for Senator Domenici. 

Dr. Gilman matriculated at Kenyon College in Ohio and received his A.B., M.A., 
and Ph.D. degrees in ecology and evolutionary biology from Johns Hopkins Univer- 
sity, Baltimore, Maryland. 

Chairman BOEHLERT. Thank you very much. 

Dr. Cue. 

STATEMENT OF DR. BERKELEY W. CUE, JR., VICE PRESIDENT 

OF PHARMACEUTICAL SCIENCES, PFIZER GLOBAL RE- 
SEARCH AND DEVELOPMENT 

Dr. Cue. I need to have my first slide, please. 

[Slide.] 

Good morning, Chairman Boehlert and Members of the House 
Science Committee. Thank you for the invitation to be here today 
to describe Pfizer’s green chemistry program. I will summarize the 
written testimony I have already submitted. 

First, I will describe Pfizer’s green chemistry activities and, in 
doing so, indicate how we believe these investments are paying off. 
I will also discuss what we believe are the environmental and 
human health benefits of pursuing green chemistry. I will address 
some important impediments to pursuing green chemistry solu- 
tions, and finally, I will share with you my views on the Green 
Chemistry Research and Development Act of 2004. 

First, let me begin by telling you about Pfizer. Pfizer was found- 
ed in 1849 in Brooklyn, New York. Today, we are the world’s lead- 
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ing health care company, with more than 130,000 employees world- 
wide and over $45 billion in annual sales. We have over 200 poten- 
tial drugs in our R&D pipeline, and we spent over $7 billion in 
2003 to discover, develop, register, and commercialize them. 

[Slide.] 

Pfizer is committed to a business model that is sustainable. Our 
environmental health and safety policy is based on the Inter- 
national Chamber of Commerce Charter on Sustainable Develop- 
ment. Sustainable development means meeting the economic, envi- 
ronmental, and social needs of the present without compromising 
the ability of future generations to meet their own needs. 

[Slide.] 

In 2002, Pfizer was the first U.S. pharmaceutical company to 
sign the U.N. Global Compact, committing us to nine principles on 
human rights, labor, and environmental performance. 

[Slide.] 

So what is green chemistry? I think several of you have already 
defined it the way I do. There are 12 principles that guide green 
chemistry, which is shown in this slide. 

[Slide.] 

Many chemists believe that the environmental gain usually 
comes at an economic cost. However, for every green chemistry 
principle, there is both an environmental and an economic benefit. 
Without a doubt, green chemistry has been a win-win proposition 
for Pfizer. 

[Slide.] 

Roger Sheldon, in 1994, reported that for every kilogram of drug 
produced in our industry, between 25 and 100 kilograms of waste 
are also produced. For those processes, we have redesigned — using 
green chemistry principles, we have been able to reduce this num- 
ber to between five and ten kilos of waste, a five to ten-fold im- 
provement. At typical commercial volumes, this equates to hun- 
dreds of thousands of kilograms of waste prevented each year for 
each product. This is a double economic benefit. We are not pur- 
chasing unnecessary raw materials or incurring the costs associ- 
ated with treating and disposing this waste. Moreover, reducing 
the environmental profile of our processes removes potential health 
hazards from our environment. 

[Slide.] 

In 2002, Pfizer was awarded a U.S. EPA Presidential Green 
Chemistry Challenge Award for our improvements in the manufac- 
turing process of sertraline with the following results: our manufac- 
turing yield doubled, the benign solvent ethanol was now used for 
three of our conversions, almost 600 metric tons per year of solid 
waste and 250 metric tons per year of aqueous waste were elimi- 
nated. And as you can see in the lower left-hand corner of the slide, 
the number and volume of organic solvents were dramatically re- 
duced. 

[Slide.] 

We achieved similar results for our manufacturing process im- 
provements for sildenafil citrate, the active ingredient in Viagra, 
and received a Crystal Faraday Award in the United Kingdom last 
year. 
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Going forward, all Pfizer major drug product manufacturing proc- 
esses are being evaluated for green chemistry improvements. Like 
any R&D activity, not all efforts will be successful, but when we 
are, the economic and environmental savings should be dramatic. 

[Slide.] 

Now let me address a couple of impediments. Today, there are 
very few students graduating with chemistry majors who are 
trained in, or even exposed to, green chemistry. So we are now edu- 
cating our scientists about these principles. And to encourage this, 
teams with the best ideas are awarded an annual trophy, manage- 
ment recognition, and a cash prize to be donated to a college or a 
university of their choice to encourage green chemistry education. 

[Slide.] 

We are also reaching out to academic institutions near our R&D 
sites by hosting annual symposia where students are exposed to 
green chemistry with real-life case studies. They leave with a bet- 
ter understanding of how green chemistry is practiced in our indus- 
try. 

One question that has repeatedly surfaced in green chemistry 
discussions is whether consumers will pay extra for environ- 
mentally benign products. The general consensus is they will not. 
As to the questions for this specific legislation, our experience 
teaches that an integrated approach to green chemistry at Pfizer 
that coordinates all of our efforts is a more effective way to a green 
chemistry strategy. 

By analogy, this proposed legislation establishes a green chem- 
istry R&D program to promote and coordinate federal green chem- 
istry research, development, demonstration, education, technology 
transfer, and commercial application activities. These are all crit- 
ical components of Pfizer’s successful green chemistry program. 
The availability of merit-reviewed, competitive grants to support 
academic programs and promote education and training of under- 
graduate and graduate students in green chemistry should help to 
address the issue of lack of adequate green chemistry programs. 
And the charge of the Federal Government to create incentives for 
the use of green chemistry products and processes will help to ad- 
dress the issue of preferred treatment to — of companies who prac- 
tice green chemistry. 

[Slide.] 

In closing, I would like to thank the Committee for your atten- 
tion. I believe green chemistry has the potential to produce the 
greatest change in the way synthetic chemistry is practiced in at 
least the last quarter century. It is already redefining how chem- 
istry is thought about and practiced at every stage of R&D and 
commercial manufacture at Pfizer. 

Thank you, again, for the opportunity to appear before this com- 
mittee and to discuss Pfizer’s green chemistry initiatives and the 
proposed legislation. 

[The prepared statement of Dr. Cue follows:] 
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Prepared Statement of Berkeley W. Cue, Jr. 
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Good morning Chairman Boehlert and Members of the House Science Committee. 
I want to take this opportunity to thank you for the invitation to be here today to 
describe Pfizer’s efforts around green chemistry and to help you understand why we 
believe green chemistry is a critical ingredient in our company’s approach to cor- 
porate citizenship and in developing more efficient research processes. 

Over the next few minutes I will do my best to address three topics. First, I will 
describe Pfizer’s green chemistry activities and, in doing so, indicate how we believe 
these investments are paying off Also, I will state as clearly as I can what we be- 
lieve are the environmental and human health benefits of pursuing green chemistry. 

I will address some important impediments to pursuing green chemistry solutions 
and provide some context to help the Members of this committee understand which 
areas could possibly benefit from more federal involvement in green chemistry. 

Finally, I will share with you my views on the Green Chemistry Research and De- 
velopment Act of 2004. 
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First, let me begin by telling you about Pfizer. Pfizer was founded in 1849 in 
Brooklyn New York. The majority of the penicillin that went ashore with the Allied 
forces on D-day was made by Pfizer using a novel deep vat fermentation process. 
Today, we are the world’s leading health care company, with more than 130,000 em- 
ployees worldwide, over $45 billion in annual sales reported for 2003, more drugs 
rated number one in their therapeutic class in sales volume than any other com- 
pany, we have over 200 potential products in our R&D pipeline and we spent over 
$7 Ilillion in 2003 to discover, develop, register, and commercialize these products. 
In addition to prescription human health care we have a large consumer health, or 
over-the-counter drug business and are ranked first in animal health care as well. 
I work in Pfizer Global R&D in the Groton, Connecticut Laboratories. There I lead 
the departments that are responsible for the design and optimization of the manu- 
facturing processes for our active drug (API) and dosage forms such as tablets, cap- 
sules, and injectable formulations. I also lead the company’s green chemistry efforts, 
working with colleagues around the world. 
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When a company achieves this sustained level of success we are expected to pro- 
vide leadership. Pfizer is committed to a business model that is sustainable. Our 
environmental, health and safety or EH&S policy is based on the International 
Chamber of Commerce Charter on Sustainable Development. The Brundtland Com- 
mission’s report in “Our Common Future” in 1987 states that sustainable develop- 
ment meets the economic, environmental and social needs of the present without 
compromising the ability of future generations to meet their own needs. 

In 2002 Pfizer was the first pharmaceutical company to sign the U.N. Global 
Compact, committing us to nine principles on human rights, labor and environ- 
mental performance. 

Our purpose statement is to dedicate ourselves to humanity’s quest for healthier, 
happier lives through innovation and our mission is to become the world’s most val- 
ued company to patients, customers, colleagues, investors, business partners and 
the communities where we live and work. Green Chemistry helps make all of this 
achievable. 
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What is Green Chemistry? 
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So what is Green Chemistry? The best articulation I’ve found is the one proposed 
by Paul Anastas from the White House Office of Science and Technology Policy 
(OSTP) and John Warner, Director of the Center for Green Chemistry at the Uni- 
versity of Massachusetts-Boston and a Pfizer consultant for green chemistry. “Green 
Chemistry is the utilization of a set of principles that reduces or eliminates the use 
or generation of hazardous substances in the design, manufacture and application 
of chemical products.” 
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The Twelve Principles of Green Chemistry 

1. Prevention: It is better to prevent waste than to treat or clean up waste 
after it has formed. 

2. Atom economy: Synthetic methods should be designed to maximize the in- 
corporation of all materials used in the process into the final product. 

3. Less Hazardous Chemical Synthesis: Wherever practicable, synthetic 
methodologies should be designed to use and generate substances that pos- 
sess little or no toxicity to human health and the environment. 

4. Design Safer Chemicals: Chemical products should be designed to pre- 
serve efficacy of function while reducing toxicity. 

5. Safety Solvents and Auxiliaries: The use of auxiliary substances (e.g., 
solvents, separation agents, etc.) should be made unnecessary wherever pos- 
sible and, innocuous when used. 

6. Design for Energy Efficiency: Energy requirements should be recognized 
for their environmental and economic impacts and should be minimized. 
Synthetic methods should be conducted at ambient temperature and pres- 
sure. 

7. Use Renewable Feedstocks: A raw material of feedstock should be re- 
newable rather than depleting wherever technically and economically prac- 
ticable. 

8. Reduce Derivatives: Unnecessary derivatization (blocking group, protec- 
tion/deprotection, temporary modification of physical/chemical processes) 
should be avoided wherever possible. 

9. Catalysis: Catalytic reagents (as selective as possible) are superior to stoi- 
chiometric reagents. 

10. Design for Degradation: Chemical products should be designed so that at 
the end of their function they do not persist in the environment and break 
down into innocuous degradation products. For the Pharmaceutical Indus- 
try this principle is especially challenging since we are required to dem- 
onstrate our drug to be stable in the dosage form for the shelf life of the 
product. 
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11. Real-Time Analysis for Pollution Prevention: Anal 3 ftical methodologies 
need to be further developed to allow for real-time, in-process monitoring 
and control prior to the formation of hazardous substances. 

12. Inherently Safer Chemistry for Aecident Prevention: Substances and 
the form of a substance used in a chemical process should be chosen so as 
to minimize the potential for chemical accidents, including releases, explo- 
sions, and fires. 
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Now I will address some of the benefits we have achieved by practicing green 
chemistry. The general perception among chemists who are not savvy about green 
chemistry is that the environmental gain usually comes at an economic cost. In this 
slide we demonstrate that for every principle there is both an environmental and 
an economic benefit. Thus, green chemistry supports our corporate citizenship to 
both environmental and economic performance. Without a doubt, it has been a win- 
win proposition for Pfizer. 

Pfizer has been practicing the principles of process development and optimization 
for a long time. When we became aware of green chemistry in the late 1990’s it 
seemed to us that this approach offered several benefits. We found a strong level 
of alignment between our traditional approach to chemical synthesis and process op- 
timization with many of the principles, as well as a new way of thinking about 
chemical at all scales — from milligram quantities in the laboratory to tens of thou- 
sands of kilograms produced commercially. 

An analysis of the performance of the pharmaceutical industry in terms of process 
efficiency published by Roger Sheldon in 1994 determined that for every kilogram 
of drug produces between 25 and 100 kilograms of waste are produced. For those 
processes where we have applied green chemistry principles we have been able to 
reduce this number to between 5-10 kilos of waste per kilo of product. A 5- to 10- 
fold improvement! At commercial product volumes this equates to hundreds of thou- 
sands of kilos of waste prevented each year for each product where we have suc- 
ceeded in finding a greener chemistry alternative. There is a double economic ben- 
efit here-we are not purchasing raw materials that are lost to unwanted byproducts 
and we do not incur the expense costs associated with treating and disposing of this 
waste. 

There may be some who believe zero waste is achievable. My view is that in prep- 
aration of complex organic molecules the production of by products is unavoidable. 
The goal of our chemists is to make this number as small as is technically feasible. 
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In 2002 Pfizer was awarded a U.S. EPA Presidential Green Chemistry Challenge 
Award for our improvements in the manufacturing process of sertraline hydro- 
chloride, the active ingredient in our anti depression product Zoloft. Please note in 
the lower left corner of the slide, the substantial reduction in overall solvent usage 
as well as the complete elimination of the use of methylene chloride, a highly haz- 
ardous substance. 

Green Chemistry objectives were emphasized in the redesign of the sertraline 
process, resulting in quality chemical transformations with dramatic environmental 
and worker safety improvements. Manufacturing 3deld has essentially doubled. The 
benign solvent ethanol, obtainable from biomass, is now used for three synthetic 
conversions. The hazardous dehydrating reagent titanium tetrachloride was elimi- 
nated. A more selective catalyst now drives more complete conversion of the starting 
materials to racemic sertraline. In-situ resolution of the diastereomeric salts, 
through highly selective crystallization, is now used to produce pure S,S-sertraline. 
Overall, two intermediate isolations and a salt conversion step were eliminated. 

The environmental and safety improvements are dramatic. Use of approximately 
140 metric tons/year of titanium tetrachloride and the generation of 440 metric tons/ 
year of problematic solid titanium dioxide wastes were eliminated. Approximately 
160 metric tons/year of 36 percent HCl were eliminated. Neutralization of the highly 
acidic step 2, requiring approximately 100 metric tons/year of 50 percent NaOH, 
was eliminated. Consequently, high-salt waste streams are no longer produced. De- 
hydration additives and aqueous washes were eliminated, and the number and vol- 
ume of solvents used were dramatically reduced. The efficiency of raw material, 
water, and energy use were dramatically improved. 

The EPA is to be commended for sponsoring this award, not because we received 
it in 2002, but because it is contributing to raising the visibility of green chemistry 
and contributing to a cleaner, safer environment. 
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This slide demonstrates that, following green chemistry principles, similar dra- 
matic improvements have been achieved for the manufacture of sildenafil citrate, 
the active ingredient in Viagra, our drug for treating erectile dysfunction. This im- 
provement was recognized with a 2003 Crystal Faraday Award, presented by the 
Institute of Chemical Engineering in the United Kingdom. The efficiency factor for 
this process is below 10, down from a typical 25 or greater for pharmaceutical man- 
ufacturing processes developed in the absence of green chemistry considerations. 

This year we have submitted three applications for U.S. EPA Presidential Green 
Chemistry Challenge Awards for improvements in the manufacturing processes to 
celecoxib, the active ingredient in our anti arthritis agent Celebrex, for quinapril hy- 
drochloride, the API in Accupril for treating high blood pressure and for sildenafil 
citrate, which I already described. Going forward all, major drug product manufac- 
turing processes are being evaluated for green chemistry improvement potential. 
Like any R&D activity, not all efforts will be successful, but when we are the eco- 
nomic and environmental savings can be dramatic. 

There are other benefits as well. Our leadership in green chemistry has improved 
our ability to attract and retain the best synthetic chemists in the marketplace. To- 
day’s graduating students are more environmentally conscious. They asked tough 
questions and we have good answers. Our green chemistry program allows us to 
communicate with external stakeholders about our commitment to corporate citizen- 
ship and sustainability. Last year we maintained our position in the pharmaceutical 
sector Dow Jones Sustainability Index, which enhances our shareholder value, in 
part because of our leadership in green chemistry. 
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Let me now address the question of impediments-focusing on three that are im- 
portant to our industry. 

1. Academic training: Today, there are very few students graduating with chem- 
istry majors who are trained in or even exposed to green chemistry. In the slide 
shown now we are investing a huge amount of energy to educate our scientists 
about the green chemistry principles and how they apply to our daily R&D ef- 
forts. We would be in a much better place if the chemists who joined our com- 
pany were practicing green chemistry on the first day of work. In addition to ac- 
tive education we sponsor R&D site based awards to encourage green chemistry. 
In addition to a trophy and public recognition the recipients are awarded a cash 
prize, with the stipulation that they donate it to a college or university of their 
choice to encourage green chemistry education. The legislation you are consid- 
ering today should help support more focus on green chemistry education at the 
college and university levels. There are a few schools that do this very well today: 
U. Mass. -Boston, Carnegie Mellon, University of Alabama, Washington State 
University, to mention some of them. More are needed. 
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To address this issue Pfizer has begun a program of reaching out to universities 
near our R&D sites to host symposia where students are exposed to green chemistry 
in real life case studies. They leave with a better understanding of how chemistry 
is practiced in the pharmaceutical industry and how green chemistry contributes to 
R&D success. 

Another potential barrier to companies in our industry pursuing green chemistry 
solutions is the need to pay strict attention to the purity profile of the drugs we 
produce. By definition, an active pharmaceutical ingredient (API) is the active chem- 
ical and its normal process related substances (PRS’s). This profile is established as 
part of the R&D process and is “qualified” as part of our preclinical animal safety 
studies and human clinical development experience. This profile is described in our 
regulatory submissions (New Drug Application in the U.S.) and establishes the 
ranges for our product quality specifications. Changes in the manufacturing proc- 
esses can create new process-related substances, easily detectable using modern an- 
alytical tools. Presence of these new PRS’s at higher than allowed levels could neces- 
sitate redoing significant portions of development work, a time-consuming expensive 
and risky proposition. Every company has instances where processes which produce 
higher yields of cleaner product with a much better environmental profile, but were 
not pursued further because of this barrier. Obviously, using green chemistry earlier 
will lessen, but not remove this risk. In this case the goal of the FDA and the EPA 
may not always be mutually compatible. It is very important that we retain the 
flexibility to make business decisions that weigh and balance business risks with 
potential benefits. 

One issue that has repeatedly surfaced in green chemistry discussions is whether 
consumers will pay for environmentally benign products. The consensus is that they 
will not. 

Executive Order 13101 was signed in September 1998. In section 102, it states, 
“consistent with policies established by the Office of Federal Procurement Policy 
(OFPP) agencies will comply with executive branch policies for the acquisition and 
use of environmentally preferable products and services and implement cost-effec- 
tive procurement preference programs favoring the purchase of these products and 
services. 

We believe that companies that produce products derived from manufacturing 
processes consistent with green chemistry principles should qualify for consideration 
under this Executive Order. 
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As to the question of this specific legislation our experience teaches that an inte- 
grated approach to green chemistry at Pfizer that coordinates the efforts of R&D, 
Manufacturing and EH&S is a more effective way to create an effective green chem- 
istry strategy. Prior to this we had a series of unconnected tactics, with no guar- 
antee that we were gaining maximum benefit or that we were not seeing unneces- 
sary duplication of effort. 

The proposed legislation establishes a Green Chemistry R&D Program to promote 
and coordinate federal green chemistry research, development, demonstration, edu- 
cation, technology transfer and commercial application activities. These are all crit- 
ical components of Pfizer’s successful green chemistry initiative. The availability of 
merit-reviewed competitive grants to support academic programs and to promote 
education and training of undergraduate and graduate students in green chemistry 
should help address the issue of lack of adequate green chemistry programs in aca- 
demic institutions. The charge to the Federal Government to create incentives for 
use of green chemistry products and processes should help to address the issue I 
raised with respect to Executive Order 13101. Of specific interest to the Pharma- 
ceutical industry would be the working relationship between this inter-agency group 
and reviewing chemists at the Food and Drug Administration. We believe that the 
levels of appropriation are appropriate for the initiation and sustaining of this pro- 
gram over the 2006-2007 timeframe. 
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In closing I would like to thank the Committee for your attention. Green chem- 
istry has the potential to produce the greatest change in the way synthetic chem- 
istry is practiced in the last quarter century. It is already redefining how chemistry 
is thought about and practiced at every stage of R&D and commercial manufacture 
at Pfizer. 

My crystal ball is no better at discerning the future than anyone’s, but my pre- 
diction is that at some time in the future a Nobel Prize in Chemistry will be award- 
ed to a green chemist. Our CEO, Dr. Hank McKinnell is fond of telling Pfizer em- 
ployees, “the patient is waiting.” In this context, it is clear that our environment 
is waiting too. 

Thank you again for the opportunity to appear before you today and discuss 
Pfizer’s Green Chemistry initiatives and the proposed legislation. 
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Biography for Berkeley W. Cue, Jr. 

At Pfizer Dr. Cue is responsible for the departments (Analytical R&D, BioProcess 
R&D, Chemical R&D, Pharmaceutical R&D, Regulatory CMC and Pharmaceutical 
Sciences Business Operations) that comprise Pharmaceutical Sciences. He was a 
member of the Worldwide Pharmaceutical Sciences Executive Team, and the Groton 
Laboratories Leadership Team. He also leads Pfizer’s Green Chemistry Initiative 
and has spoken extensively on this topic since 2000. Dr. Cue started in Pfizer in 
1975 in the Animal Health Organic Chemistry Department. He transferred to the 
Process R&D Department of Developmental Research in 1979. Became head of the 
PR&D Department in 1988 assumed responsibility for Anal 3 dical and BioProcess 
R&D as well in 1993 and US Developmental Research in 1998. Chaired the CVMD 
EDMT (1998-1999) and co-chaired the division’s Performance Management Task 
Force (1992-1993). He received a BA from the University of Massachusetts-Boston 
(1969), his Ph.D. (Organic Chemistry) from the University of Alabama (1974), and 
completed Postdoctoral Research at the Ohio State University (1974), National Can- 
cer Institute Research Fellow, University of Minnesota (1975). In 2000 he was ap- 
pointed to the Science Advisory Board at the University of Massachusetts-Boston. 
In 2003 he was elected to the Green Chemistry Institute Board of Directors. Dr. Cue 
will retire from Pfizer in 2004 after almost 29 years. He intends to remain active 
in Green Chemistry through his affiliations with the Green Chemistry Institute and 
the University of Massachusetts-Boston. 
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Global Research & Development 


Berkeley W. Cue, Jr., Ph.D. 

Vice President 
Pharmaceutical Sciences 


March 17, 2004 

The Honorable Sherwood Boehlert 
Chairman, Science Committee 
2320 Rayburn Office Building 
Washington, DC 20515 



Dear Congressman Boehlert: 

Thank you for the invitation to testify before the Committee on Science of the U.S. 
House of Representatives on March 17*’’ for the hearing entitled H R 3970 the Green 
Chemistry Research and Development Act of 2004. In accordance with the Rules 
Governing Testimony, this letter serves as formal notice that Pfizer received no federal 
funding directly supporting the subject matter on which I testified, in the current fiscal 
year or either of the two proceeding fiscal years. 




Chairman Boehlert. Thank you, Dr. Cue. Pfizer has a good 
story to tell in its responsible approach to this subject, and I appre- 
ciate your telling it exceptionally well. 

For the purpose of introduction, I recognize the author of the bill 
and a leading voice in the Congress, Dr. Gingrey. 

Mr. Gingrey. Thank you, Mr. Chairman. 

I am very pleased to — actually to reintroduce Mr. Steve Bradfield 
from Shaw Industries in Georgia. And Steve, I understand your son 
is with you today, is that correct? Can he raise his hand? His name 
is 

Mr. Bradfield. Drew. 

Mr. Gingrey. — Drew. We welcome you, too. Drew. 

Steve has been with Shaw Industries since 1991 and currently 
serves as Vice-President of Environment Development. And I am 
proud to have Shaw Industries in my home state, Whitfield Coun- 
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ty, Dalton, Georgia. It is not quite in my 11th Congressional Dis- 
trict, but I am still working on that. Shaw won a 2003 Presidential 
Green Chemistry Challenge Award for the development of 
EcoWorx™^ carpet tile that is made from low-toxicity feedstocks 
and is recyclable. Steve conceived and led that effort and continues 
to push Shaw’s model cradle-to-cradle environmental statement 
throughout Shaw Industries. And I look forward to hearing from 
his expertise and experience on green chemistry. 

Thank you, Mr. Chairman. 

Chairman BOEHLERT. Thank you. Dr. Gingrey. That is a great in- 
troduction. And I am glad, Mr. Bradfield, that you brought Drew 
with you, because that is the very corner in our society that we are 
really anxious to get excited about this. So I am glad to hear him 
listening with wrapped attention to our witnesses. 

Mr. Bradfield. 

STATEMENT OF MR. STEVEN BRADFIELD, VICE PRESIDENT OF 

ENVIRONMENTAL DEVELOPMENT, SHAW INDUSTRIES, INC. 

Mr. Bradfield. I would like to think, Mr. Chairman, that he is 
just enthralled by this, but I think the prospect of getting out of 
school for a couple of days was what swung him my way. 

Congressman Gingrey, Mr. Chairman, and Committee Members, 
it is an honor to be invited to share my comments with you today 
on the Green Chemistry Research and Development Act of 2004. I 
am here more on the capacity of representing the industry today, 
quite frankly. I would like to make comments on the behalf of the 
Carpet and Rug Institute, and the many carpet members who are 
making such important strides, as well as Shaw, in this area. I 
have been asked to speak and communicate the outstanding efforts 
and collective comments of the industry in the area of green chem- 
istry and sustainability. 

Good carpets begin with good chemistry. Over the years, our in- 
dustry has consistently made changes to promote human and envi- 
ronmental health and safety. We did this before green chemistry 
and sustainability became watchwords for a very simple reason: it 
increased the desirability of carpet in the eyes of our customers 
and provided — and improved our profitability. Customer demand 
and profitability are the most enduring drivers of green chemistry 
and sustainability, without a doubt. 

Green chemistry has long been valued by the industry. Since 
1992, the CRT has administered a voluntary indoor air quality pro- 
gram, known as Green Label Certification. It is a cooperative effort 
between the carpet industry and its suppliers to eliminate and re- 
duce chemicals of concern to levels that are far below the volatile 
organic compound emission rates of other interior building finishes. 
No other building material industry has committed this level of re- 
sources or achieved as much progress in indoor air quality improve- 
ment. 

With this experience in mind, we urge the Interagency Working 
Group to work closely with industry to set ambitious and realistic 
goals for ongoing green chemistry programs. It is often easy to lose 
sight of the value vested in the “willing,” those who take up the 
challenge to develop materials that extend the reach of green 
chemistry, while the “unwilling” remain anonymous and untouched 
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by the effort to create a sustainable environment for our children. 
We are not suggesting penalties for the faint of heart. We believe 
that rewarding those that commercialize green chemistry develop- 
ments with research and development grants, tax incentives, and 
preferential federal purchasing programs will drive the desired ad- 
vances in green chemistry, in addition to the bill before you. 

To those of us in the manufacturing sector, green chemistry im- 
plies developments that are robust, that are additive to the value 
we bring to our markets, and are highly implementable. We believe 
green chemistry should be defined to include materials and process 
development. It should include pollution prevention that moves us 
to the paradigm of becoming “less bad” in the near term, but 
should look forward to the longer term development of “closed-loop” 
systems that can help us eliminate the very concept of waste. 

The carpet industry believes that green chemistry will proceed 
along two major pathways: nature’s organic path, and man’s syn- 
thetic/technical path. Both are valid and offer a variety of prom- 
ising discoveries and inventions. Bio-chemicals and biopolymers 
offer exciting possibilities for agriculture and industry. Meanwhile, 
our continued reliance on oil-based materials assures that the re- 
sulting waste will be available as recyclable feedstock for synthetic 
closed-loop processes. 

Our industry has many commercialized examples of green chem- 
istry at work. On the fiber side, Mohawk Industries and Beaulieu 
of America are taking post-consumer polyester drink bottles, which 
we have before you today, processing them into flake, and then re- 
melting and extruding the material into polyester carpet fiber, 
ready for spinning, dying, and tufting into residential carpet. Hon- 
eywell has developed a technology to recover the caprolactum mon- 
omer building block of nylon 6 from post-consumer carpet. Invista 
collects post-consumer carpet and sends the dyed nylon into recy- 
cled uses, such as extrusion molded under hood car parts and 
geotextiles. Dow Cargill has developed a bio-based fiber, called 
polylactic acid, from corn. It is now being evaluated for residential 
carpet. 

We believe that industry has a valid role in helping to define a 
practical research and development agenda. We respectfully sug- 
gest that the Interagency Working Group undertake a survey of 
current environmental programs within the Federal Government to 
bring them up to date with the broad range of sustainability char- 
acteristics that will be impacted by green chemistry developments. 
These impacts are being defined and clarified through the use of 
life cycle analysis. Reliance on single environmental metrics, like 
recycled content, may actually result in a disincentive to green 
chemistry development in many circumstances. First generation 
polymers usually can not contain significant recycled content until 
a value recovery system returns them to second-generation manu- 
facturing. 

New materials and processes are beginning to take root in our 
industry. Many carpet companies are recognizing that traditional 
thermoset materials can be replaced by thermoplastics, facilitating 
the recovery, re-melting, and re-extrusion of tried and true mate- 
rials, like vinyl. Collins & Aikman and Interface have developed 
systems for returning vinyl carpet tile backing to their backing 
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processes. And as has been mentioned, Shaw was recognized for 
the 2003 Presidential Green Chemistry Award for developing a 
thermoplastic polyolefin carpet backing. The CRT Annual Sustain- 
ability Report includes many other industry developments and 
practices that reduce the environmental footprint of carpet through 
green chemistry. 

The Carpet America Recovery Effort, which is a nonprofit effort, 
including the carpet industry, the Federal EPA, state governments, 
and NGOs with the goal of diverting 40 percent of landfill waste 
by 2012, a very ambitious goal. Imagine a future when no carpet 
goes to a landfill but is separated into its constituent parts at the 
end of its useful life to be sustainably recycled over and over again. 
This is happening today with some carpet types, but not enough as 
yet is being diverted to significantly reduce the 4.5 billion pounds 
of carpet that reaches our landfills today. Green chemistry can help 
develop beneficial uses for these materials. 

Perhaps the most compelling reason to support green chemistry 
and the growth of sustainable materials and processes in carpet is 
jobs. Annual carpet production and consumption in the U.S. of $12 
billion is equal to the rest of the world carpet production and con- 
sumption combined. Carpet jobs will stay in the U.S. if we can de- 
velop ways to keep post-consumer carpet material in sustainable 
closed-loop recycling systems that reduce the need for virgin raw 
materials and lower the energy embodied in successive generations 
of carpet. Why would any U.S. company choose to manufacture 
overseas if their valuable raw materials are being collected and re- 
cycled at lower cost, with no sacrifice of performance from Amer- 
ican homes and businesses in close proximity to the means of pro- 
duction? 

The economic benefits of green chemistry are quantifiable in each 
of the examples given herein. As an industry, green chemistry has 
helped to reduce the water required for dying a square yard of car- 
pet from 14.9 gallons in 1995 to 8.9 gallons in 2002. The energy 
requirement for thermal fuels used to make a square yard of carpet 
have fallen from 14.5 million BTUs in ’95 to 10.3 million BTUs in 
2002. Today, the carpet industry has the same level of CO 2 emis- 
sions it reported in 1990, yet it produces 47 percent more carpet. 

Shaw’s experience with green chemistry is representative of the 
developments that are ongoing in the industry. By way of illustra- 
tion, Shaw’s polyolefin carpet tile backing has fueled an average 
growth rate in Shaw carpet tile of almost 15 percent per year over 
the last four years. This growth provides 440 jobs in our 
Cartersville, Georgia carpet tile facility and generates over $100 
million annually in revenue. It has reduced packaging costs by 70 
percent, shipping costs by 20 percent, and resulted in over 
$100,000 in annual post-industrial scrap recovery. The recovery of 
the post-consumer carpet tile will result in even more savings in 
the second generation. 

I brought some materials that have contributed to the success of 
this program, and with your indulgence, I am running a little later 
than most, but I would encourage you to take a look at these as 
you can. What I have for you here is basically recycled content 
nylon and metalacene catalyzed polyolefin. And gentlemen, these 
things will be very difficult to see from afar, but if you would like 
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for someone to bring them up for you, I would be glad to do that. 
In addition 

Chairman BoEHLERT. Perhaps your associate, Mr. Bradfield, 
Drew Bradfield, could bring them up, and we could pass them 
around? 

Mr. Bradeield. Drew would be more than happy to. We seem to 
have somebody who is coming up now. I can’t get him to do any- 
thing at home, either, by the way. 

Fully oxidized fly ash is one of the components that replaces vir- 
gin limestone, which is mined from the Earth. Post-consumer poly- 
ethylene from plastic bag waste, the post — and the post-consumer 
carpet tile processed into two raw material streams, the nylon 
stream to be depolymerized by nylon and returned to nylon produc- 
tion, and a polyolefin backing stream to be returned to backing ex- 
trusion. The point here is that what you have in your hands mov- 
ing around is the entire carpet tile. None of these materials need 
ever reach a landfill if consumers will take advantage of the value 
recovery system at the other end of the toll-free number imprinted 
on the back of every carpet tile we ship. 

Other manufacturers share similar economic stories that are just 
as compelling. I have brought some other materials here. This is 
post-consumer polyester bottle flake. 

Chairman BoEHLERT. Appropriately green. 

Mr. Bradfield. Appropriately green today, so I don’t get 
pinched. This clear version of this material, which would be from 
the bottle that we have here in front of us, can be used, as I said, 
to make polyester fiber for carpet. This green material has been 
problematic over the years, because there has not been a use. How- 
ever, we have been able to spin this into fiber and make it into a 
carpet padding, which can be attached to the back of a carpet in 
today’s market. 

In conclusion, the carpet industry supports the adoption of the 
Green Chemistry Research and Development Act of 2004 with the 
suggestions that Congress encourage a cooperative effort among 
government, academia, and business, that Congress seek additional 
incentives to reward companies, large and small, that commer- 
cialize green chemistry developments, that obstacles to the green 
chemistry process be removed from current federal environmental 
programs, and that adoption of green chemistry in the broader con- 
text of sustainable product development should become a primary 
instrument of pollution prevention policy. These goals are worthy 
of our collective investment of time, treasure, and talent. Distin- 
guished Committee Members, I brought my 17-year-old son. Drew, 
with me here today from Dalton to let him know that it is his fu- 
ture, and his world, that will benefit from our efforts. I hope some- 
day he may sit where you are, or where I am, with your sons and 
daughters to push green chemistry to greater levels of success than 
we can imagine here today. 

Thank you. 

[The prepared statement of Mr. Bradfield follows:] 

Prepared Statement of Steve Bradfield 

Mr. Chairman and Committee Members, it is an honor to be invited to share my 
comments with you today on the Green Chemistry Research and Development Act 
of 2004. I represent the fiber, carpet, and rug manufacturer members of the Carpet 
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& Rug Institute, headquartered in Dalton, GA, as Chairman of Sustainability 
Issues. I have asked to speak in this capacity to communicate the outstanding ef- 
forts, and collective comments, of our industry members is the area of green chem- 
istry and sustainability. 

The carpet industry is one of the last bastions of US textile manufacturing. Our 
industry has maintained its long-standing relationships with the communities 
where we’ve lived and worked for four generations, and we intend to keep doing so. 
We’ve largely accomplished this through the development of material and process 
technologies that have resulted in continuous improvements in the value of soft floor 
covering. Technology development is the lifeblood of our industry. 

Good carpets begin with good chemistry. Over the years our industry has consist- 
ently made changes that promote human and environmental health and safety. We 
did this before green chemistry and sustainability became watchwords for a very 
simple reason — it increased the desirability if carpet in the eyes of our customers 
and improved profitability. Customer demand and profitability are the most endur- 
ing drivers of green chemistry and sustainability. 

While it can be argued that many environmental improvements date from 1985 
with the advent of Toxic Release Index reporting, far more improvements have been 
driven by market forces. The permanence and efficiency of positive change driven 
by a free market cannot be underestimated. No regulations could have moved our 
industry so far and so fast in the. direction of sustainable development. 

Green chemistry has long been valued by our industry. Since 1991 the CRI has 
administered a voluntary indoor air quality program know as Green Label Certifi- 
cation. It is a cooperative effort between the carpet industry and its suppliers to 
eliminate and reduce chemicals of concern to levels that are far below the volatile 
organic compound emission rates of other interior building finishes. No other build- 
ing material industry has committed this level of resources or achieved as much 
progress in indoor air quality improvement. 

We’ve raised the bar in the Green label Program three times since 1991 and will 
soon raise it yet again to meet our pledge of continuous improvement and leadership 
on this green chemistry issue. But as with any voluntary program, these improve- 
ments are never fast enough or far enough to satisfy all stakeholders. We strongly 
urge the Interagency Working Group to work closely with industry to set ambitious 
and realistic goals for ongoing green chemistry programs. 

It is often easy to lose sight of the value vested in the “willing,” those who take 
up the challenge to develop materials that extend the reach of green chemistry, 
while the “unwilling” remain anonymous and untouched by the effort to create a 
sustainable environment for our children. We are not suggesting penalties for the 
faint of heart. We believe that rewarding those that commercialize green chemistry 
developments with research and development grants, tax incentives, and preferential 
federal purchasing programs will drive the desired advances in green chemistry. 

We also encourage this committee to acknowledge the broad range of activities en- 
compassed by green chemistry. To those of us in the manufacturing sector green 
chemistry implies developments that are robust, additive to the value we bring to our 
markets, and highly implementable. We believe green chemistry should be defined 
to include materials and process development. It should include pollution prevention 
in the classic sense of moving us toward the paradigm of becoming “less bad” in the 
near-term, but should also look forward to the longer-term development of “closed- 
loop” systems that move us into the “environmentally good” paradigms that allow 
us to mimic Mother Nature. Green Chemistry can help us to eliminate the very con- 
cept of waste. 

The carpet industry believes that green chemistry will proceed along two major 
pathways — nature’s organic path, and man’s synthetic ! technical path. Both are valid 
and offer a variety of promising discoveries and inventions. Bio-chemicals and bio- 
polymers offer exciting possibilities for agriculture and industry. Meanwhile, our 
continued reliance on oil-based materials assures that the resulting waste will be 
available as recyclable feedstock for synthetic closed-loop processes. 

Our industry has many commercialized examples of green chemistry at work. On 
the fiber side Mohawk Industries and Beaulieu of America are taking post-consumer 
polyester drink bottles, processing them into flake, and remelting and extruding the 
material into polyester carpet fiber ready for spinning, dyeing, and tufting into resi- 
dential carpet. Honeywell has developed a technology to recover the caprolactam 
monomer building block of nylon 6 from post-consumer carpet. Invista collects post 
consumer carpet and sends the dyed nylon into recycled uses such as extrusion 
molded under hood auto parts and geotextiles. Cargill Dow has developed a bio- 
based fiber called polylactic acid from corn that is now being evaluated in residen- 
tial carpet 
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While universities, laboratories, and other basic research paths are a precursor 
to many of the applications of green chemistry that will find their way into our fa- 
cilities, basic research alone will not change the way we manufacture and consume 
products. How will the research and development dollars granted by the agencies 
specified in the House Bill find their way into real solutions to real problems that 
face all Americans? How will priorities be established? We believe industry should 
have a voice in defining the research and development agenda. 

We respectfully suggest that the Interagency Working Group undertake a survey 
of current environmental programs within the Federal Government to bring them 
up to date with the broad range of sustainability characteristics that will be im- 
pacted by green chemistry developments. These impacts are being defined and clari- 
fied through the use of life cycle analysis. Reliance on single environmental metrics 
like recycled content may provide a disincentive to green chemistry development in 
many circumstances. First generation polymers usually cannot contain significant re- 
cycled content until a value recovery system returns them to second-generation manu- 
facturing. 

New materials and processes are beginning to take root in our industry. Many car- 
pet companies are recognizing that traditional thermoset materials can be replaced 
by thermoplastic materials — facilitating the recovery, remelting, and re-extrusion of 
tried-and-true materials like vinyl. Collins & Aikman and Interface have developed 
systems for returning vinyl carpet tile backing to their backing processes. Shaw was 
recognized with the 2003 Presidential Green Chemistry Award for developing a 
thermoplastic polyolefin carpet tile backing. The CRI Annual Sustainability Report 
includes many other industry developments and practices that reduce the environ- 
mental footprint of carpet through green chemistry (see www.carpet-rug.com). 

The Carpet America Recovery Effort (CARE) is a nonprofit effort including the 
carpet industry, the Eederal EPA, State governments, and NGO’s with the goal of 
diverting 40 percent of carpet landfill waste by 2012 (see www.carpet-recovery.com). 
Imagine a future when no carpet goes to a landfill, but is separated into its con- 
stituent parts at the end of its useful life to be sustainably recycled over and over 
again. This is happening today with some carpet types, but not enough as yet to 
significantly divert the 4.5 billion pounds of carpet that went to our nation’s land- 
fills in 2003. Green chemistry can help to develop beneficial uses for the materials 
used to make carpet today and assure that steady progress is made toward sustain- 
able materials that can go directly back into carpet production in the future. 

Perhaps the most compelling reason to support green chemistry and the growth 
of sustainable materials and processes in carpet is jobs. Annual carpet production 
and consumption in the U.S. of $12 Billion is equal to the rest of world carpet pro- 
duction and consumption combined. Carpet jobs will stay in the U.S. if we can de- 
velop ways to keep post-consumer carpet materials in sustainable closed-loop recy- 
cling systems that reduce the need for virgin raw materials and lower the energy 
embodied in successive generations of carpet products. Why would any U.S. com- 
pany choose to manufacture overseas if their valuable raw materials are being col- 
lected and recycled at lower cost, with no sacrifice of performance, from American 
homes and businesses in close proximity to the means of production? 

The economic benefits of green chemistry are quantifiable in each of the example 
given herein. As an industry, green chemistry has helped to reduce the water re- 
quired for dyeing a square yard of carpet from 14.9 gallons in 1995 to 8.9 gallons 
in 2002. The energy required from thermal fuels to make a square yard of carpet 
has fallen from 14.5 million BTU’s in 1995 to 10.3 million BTU’s in 2002. Today 
the carpet industry has the same level of CO 2 emissions it reported in 1990 yet it 
produces 40 percent more carpet. 

Shaw’s experience with green chemistry is representative of the developments that 
are ongoing in the industry. By way of illustration, Shaw’s polyolefin carpet tile 
backing has fueled an average annual growth rate in carpet tile of almost 15 per- 
cent per year over the last four years. This growth provides 440 jobs in our 
Cartersville, Georgia carpet tile facility and generates over $100 million in revenue. 
It has reduced packaging costs by 70 percent, shipping costs by 20 percent, and re- 
sulted in over $100,000 in annual post-industrial scrap recovery. The recovery of the 
post-consumer carpet tile will result in even more second-generation savings. Other 
manufacturers can share economic success stories that are just as compelling. 

In 1950 the carpet industry shipped 97 million square yards of carpet. In 2001 
we shipped 1.879 billion square yards. Between 1965 and 2001 carpet increased in 
price by 90.4 percent while the same time period saw an automobile increase 180.4 
percent and a combined total of all commodities increased 315.4 percent. Over 80 
percent of the U.S. carpet market is supplied by mills located within a 65-mile ra- 
dius of Dalton, Georgia. Carpet is important to the economy of Georgia and the 
United States. Green chemistry is an important tool to facilitate its continued growth. 
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In conclusion, we support the adoption of the Green Chemistry Research and De- 
velopment Act of 2004 with the suggestions that Congress encourage a cooperative 
effort among government, academia, and business; that Congress seek additional in- 
centives to reward those companies that commercialize green chemistry develop- 
ments; that obstacles to the green chemistry discovery process be removed from cur- 
rent federal environmental programs; and that adoption of green chemistry in the 
broader context of sustainable product development should become a primary in- 
strument of pollution prevention policy in the United States with the additional 
goals of job creation and economic improvement. 

Biography for Steven Bradfield 

Steve Bradfield began his career in the commercial carpet industry twenty years 
ago gaining experience in sales, marketing, and technical and environmental devel- 
opment. He has been with Shaw Industries since 1991 in both international and 
U.S. positions and is currently VP of Environmental Development. 

Steve leads Shaw in its journeyman development of customer-oriented cradle-to- 
cradle solutions to environmental concerns. He is active with the USGBC, the CARE 
Executive Committee, TFM Green Advisory Board, and the CRI Market Issues and 
Sustainability Committees. Steve conceived and led the effort to develop the 2003 
EPA Presidential Green Chemistry Challenge Award winning EcoWorx polyolefin 
carpet tile backing at Shaw and continues to push Shaw’s model cradle-to-cradle en- 
vironmental statement throughout Shaw Industries. He has written many articles 
on sustainability for periodicals, including the peer-reviewed Environmental Science 
& Technology journal, and recently completed an interview with Michael Toms aired 
on National Public Radio as part if the “Monticello Dialogues.” 

He is a graduate of Montana State University at Bozeman and considers himself 
an adventurous seeker of change. Early experiences as an archaeological dig volun- 
teer, a deck hand on a tugboat on the Mississippi River, a roustabout on an offshore 
oil rig in the Gulf of Mexico, a cowboy on a Wyoming Ranch, and three years in 
strip mining coal in Southern Montana, have given him a unique perspective on en- 
vironmental responsibilities and a passion for sustainable development. Steve is 
deeply committed to market-based implementation of industry-leading environ- 
mental technologies. 

Steve has traveled extensively all over the world in designing and marketing car- 
pet and considers himself fortunate to have a much broader perspective of the diver- 
sity of the people and markets outside the U.S. However, enough is enough, and 
he is well pleased to now concentrate full time on opportunities for Shaw in environ- 
mental development in the U.S. He has been married to his wife, Christy, for twen- 
ty-five years, and has three teenage children that constantly challenge and delight 
him. Life is good, and getting better. 
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March 17, 2004 

The Honorable Sherwood Boehlert 
Chairman, Science Committee 
2320 Rayburn OfBce Building 
Washington, DC 20515 


Dear Congressman Boehlert: 

Thank you for the invitation to testify before the Committee on Science of the U.S, 
House of Representatives on March 17'*' for the hearing entitled H.R. 3970, the Green 
Chemistry Research and Development Act oj 2004. In accordance with the Rules 
Governing Testimony, this letter serves as formal notice that I received no federal 
funding directly supporting the subject matter on which I testified, in the current fiscal 
year or either of the two proceeding fiscal years. 


Sincere] 



Stev^Bradfield 


Chairman Boehlert. Thank you very much, Mr. Bradfield. And 
as the audience will note, we allowed you some extra time to go 
on, because I thought it was very important that we get this per- 
spective from an industry guy, because so often what we do up here 
is viewed by those outside Washington, DC as anti-business, anti 
this and anti that. That is all a bunch of nonsense. I mean, we are 
trying to — we recognize that the business community is the engine 
that drives the economy, and we want to work with you and so that 
you won’t think that Mr. Bradfield is just another guy from indus- 
try, let me read a little bit here. “Early experiences as an archae- 
ological dig volunteer, a deck hand on a tugboat on the Mississippi 
River, a roustabout on an offshore oil rig in the Gulf of New Mex- 
ico, a cowboy on a Wyoming ranch, and three years of strip mining 
coal in Southern Montana have given him a unique perspective on 
environmental responsibilities and a passion for sustainable devel- 
opment.” My one question of you is would you let Drew follow that 
same career path? And I won’t ask for an answer right now, Mr. 
Bradfield. 
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Now for words of wisdom from Troy, New York, it is my pleasure 
to introduce, from Renssalaer Polytechnic Institute, one of Amer- 
ica’s great institutions. Dr. Woodhouse. 

STATEMENT OF DR. EDWARD J. WOODHOUSE, ASSOCIATE 
PROFESSOR OF POLITICAL SCIENCE, DEPARTMENT OF 
SCIENCE & TECHNOLOGY STUDIES, RENSSELAER POLY- 
TECHNIC INSTITUTE 

Dr. Woodhouse. Thank you. Chairman Boehlert and Members 
of the Committee. I appreciate the opportunity to think with you 
this morning about what I see as an historic undertaking. It is very 
seldom that one finds the kind of vision and long-term hope that 
I see embodied in this bill, and I congratulate you for it. That is 
not to say I don’t have a few recommendations to improve it. 

I am a political scientist, not a chemist. I have, over the past 
generation, made inquiries into what goes right and what goes 
wrong with a wide variety of technological endeavors: civilian nu- 
clear power, pesticides, premanufacture notification for new chemi- 
cals, ozone depleting chemicals, presently nanotechnology and ro- 
botics, and a variety of other topics. My graduate students and I 
have been studying the green chemistry community for about seven 
years, trying to understand what the social barriers are to the im- 
plementation of the — of their findings and what slows down the 
movement of new ideas within the worlds of chemistry and chem- 
ical engineering themselves. So I want to just say a little bit about 
that, not because it has direct impact on your pending legislation, 
but because it may be of some use to you as you go forward in a 
variety of fronts on this over the next decade and more. 

The one thing that I have found in every area that I have looked 
at is that we radically underestimate the technical malleability, the 
capacity of engineers and other technical people to work with the 
stuff of the world in creative ways. Always under-estimated. We 
over-estimate the extent of which we have our social purposes lined 
up for the technical people to serve. So that whereas the technical 
capacities could be utilized for fantastic purposes rarely do they 
come anywhere close to what would be possible, because we don’t 
have the political, social, and economic institutions and processes 
that will catalyze that, as well as could be achieved. 

Let me give an example. This morning, many of you started with 
decaffeinated coffee. How do they get the caffeine out of those 
beans? Well, it turns out that it is green chemistry. The supercrit- 
ical carbon dioxide, which was mentioned by Dr. Bement, is a pow- 
erful solvent under the right conditions and can literally strip the 
caffeine out of the coffee bean, leaving the bean intact. The basic 
understandings about supercritical carbon dioxide are now approxi- 
mately a century old. Why has it taken this long to move it into 
any purposes more important than decaffeinating coffee? That is a 
social mystery, not a technical one, primarily. 

Another example. There was a mention of the dry cleaning indus- 
try and the work being done at the University of North Carolina. 
Excellent work. If you sniff your suits or sweater when it comes 
back from the dry cleaners, you will notice a faint chemical odor. 
That is perchloroethylene, PERC, which is used as the solvent. It 
is extremely toxic. It is one of the main toxic constituents of urban 
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air pollution. A day care center near me had to be closed recently, 
because it was located too near a dry cleaners. The children and 
the teachers were getting ill. Each time an employee opens the dry 
cleaning machinery, they get a sniff of that chemical. 

There is now a substitute: supercritical carbon dioxide. David 
Price, one of your colleagues, introduced legislation several years 
ago, which would have given tax credits to dry cleaners for switch- 
ing over to the new equipment. In the Omnibus tax legislation of 
several years ago, that measure didn’t make it out of Committee. 
The — one of the reasons — there were financial and other prudential 
reasons, no doubt, but one of the reasons was the Committee’s staff 
and Members heard from not one interest group, not one con- 
stituent by phone, letter, or personal visit. The issue is simply not 
on the radar screen. And hence, what could have been a simple 
move to encourage mom and pop dry cleaners, who need the eco- 
nomic assistance if they are to shift away from a dangerous prac- 
tice, they didn’t get the help, they still don’t have the help, even 
though the machinery is on the market. That is not atypical. I rec- 
ognize it is outside the jurisdiction of this committee, but it is im- 
portant to realize the social barriers, I think, and that is one of 
them. 

More generally, we have been interviewing green chemists 
around the world, and they say, over and again, that it is economic 
inertia and professional inertia that are the main barriers; it is not 
technical understanding and scientific uncertainty, although those 
play a role. Rohm and Haas, for example, has developed a bio- 
degradable, water-soluble polymer, which would go in laundry de- 
tergent. It costs twice as much as the one now utilized. It is not 
being used. I asked the relevant person, “Well, how much would it 
cost the consumer?” They said about one penny per bottle of deter- 
gent. $4.01 instead of $4. That is a lot of money, though, to Proctor 
and Gamble, probably $1 million a year, if you would figure out the 
number of bottles they sell. We need some way to figure out how 
to do what is sensible at that level. It is a mundane practice, not 
nearly as glorious as many of the research projects discussed here 
today. But that is a — that is the reality. Mattel promised to take 
polyvinylchloride out of their Barbie dolls. They recently reneged 
on that promise, despite the fact that Bayer Chemical provides an 
alternative, which would cost only five percent more. You know 
what the cost of plastic in a Barbie doll is relative to the sales 
price. It is a trivial amount, and yet, it is not being utilized. 

Professional inertia is almost as bad as economic inertia. If you 
think about the professors that you had who were using old lecture 
notes, not keeping up to date, you will have some idea of what I 
mean. The curricula at a major university near here, there is a 
one-credit course in green chemistry as the sole offering in the cur- 
riculum. Another department chair told me, “There is no room in 
the curriculum.” Another said he tried to get the changes, but his 
faculty said, “That is not the way it is done at Harvard and Chi- 
cago.” They require foreign languages at half of the American uni- 
versities to get a Ph.D. in Chemistry, but no one requires a test 
in toxicology. A green chemist, not me, referred to what is going 
on as “stupid chemistry,” “just bad design,” “profound failure.” 
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I will conclude by just suggesting that the task, then, is larger 
than what can be done by a few million dollars for more research. 
None of us knows exactly how to bring it about. What we can do 
is to catalyze an inquiry and a discussion that aims for “benign by 
design.” Let us figure out how to use those tremendous technical 
potentials so that we aim to make each chemical safe enough for 
living things. I believe that that is chemically possible, even though 
most chemists today would say it is not. 

In conclusion, I have a couple of recommendations for your con- 
sideration. First, tax credits. The industry, we don’t expect to get 
ice cream for free, why should we expect to get green chemistry for 
free? Contrary to what some of my colleagues on the panel have 
said, I believe there is a limit to what you can do that will actually 
make money. I think that some things do cost money. We need to 
figure out how to make that sensible for all parties concerned. 

Secondly, more precise requirements in the reports that you are 
asking for under this legislation. There is too much room for inter- 
ested parties to make self-serving statements. Let us get some dev- 
il’s advocates into the process who will look more closely at the 
claims, who will attempt to bring the stakeholders into communica- 
tion, shall we say, with each other. 

Finally, I would suggest that you consider the possibility of tilt- 
ing the funding more towards EPA. In my experience, the EPA Pol- 
lution Prevention Program is one of the best things that the Fed- 
eral Government does. 

Thank you very much. 

[The prepared statement of Dr. Woodhouse follows:] 

Prepared Statement of Edward J. Woodhouse 

Chairman Boehlert, Ranking Member Gordon, and Members of the Committee, I 
thank you for inviting me to testify. 

I am a political scientist interested in understanding how to shape technological 
decision-making more wisely. I have been stud3dng the social aspects of green chem- 
istry and green chemical engineering since 1998, funded in part by the National 
Science Foundation. My Ph.D. student, Jeff Howard, with funding from an EPA 
STAR fellowship, has been doing detailed interviews with green chemists, and I 
draw selected data and insights from his study. 

My purpose here today is to discuss barriers and prospects for moving from what 
might be called “brown chemistry” toward a greener chemistry featuring chemicals 
designed to be benign or close to it. I will begin with general considerations I think 
Members of Congress should be taking into account, then present three simple cat- 
egories of green chemistry and the legislative opportunities in each, and conclude 
with some suggestions for further study. 

General Considerations 

I start with a prediction: The 21st century will see the beginnings of a 
transnational phase out of chlorinated and other toxic synthetic chemicals. Eco- 
nomic considerations facing industry, slow-to-change university curricula in chem- 
istry and chemical engineering, and citizens’ ignorance about the potential for be- 
nign chemistry may delay the projected phase out well beyond the time period tech- 
nically required. Evidence against toxic chemicals is accumulating relentlessly, how- 
ever, and green chemistry and engineering potentials are developing, even if more 
gradually than one would wish. So the main question, it seems to me, is whether 
public policy will lead or lag. 

I congratulate the Committee for its farsightedness in generating the proposed 
Green Chemistry Research and Development Program, and I regret to report that 
I find outside this room a certain timidity and lack of vision with respect to the sub- 
ject. I am sorry to say that most professors of chemistry and chemical engineering 
appear to be either uninformed or uninterested, and a few are outright opponents 
who believe that toxicity is the price for what they would call “progress.” Profes- 
sional associations such as the American Chemical Society and the American Insti- 
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tute of Chemical Engineers are rhetorically supportive of chemical greening, and 
even have a few modest programs; but they are not doing much at present to actu- 
ally inflect the trajectories of their mainstream members. Even environmental orga- 
nizations such as Sierra Club could be doing a lot more: The National Toxics Cam- 
paign and other groups have been pushing for “clean production” and Zero Dis- 
charge, which bear on Green Chemistry but do not put it front and center — perhaps 
partly because their members resonate with whales, orangutans, and other char- 
ismatic megafauna more than with molecules. 

Chemical technologies are highly malleable, however, and once it becomes widely 
understood that what we have been calling “chemistry” actually is a small and rel- 
atively backward subset of the chemical universe, the status quo will be on the de- 
fensive. The goal of a commendable chemical industry will be nothing less than to 
make ever 3 dhing using benign materials, and where toxicity cannot be avoided to 
draw on the services of medicinal and ecological chemists to design chemicals that 
rapidly decompose and are quickly excreted from living organisms. How closely that 
goal can be approximated, no one presently knows; what we can say for sure is that 
many technical achievements that seemed impossible have turned out not to be, in 
chemistry and in many other fields of science and engineering. With biocatalysis, 
nanochemistry, and other techniques not yet dreamed of but surely on the way, 
those who defend the 20th century’s “brown chemical” way of doing things are pret- 
ty surely on the road to being discredited. Unless Congress intervenes, however, the 
transition could take many generations, with untold additional damage to living 
things around the world. 

Everyone acknowledges that contemporary technologies for producing, using, and 
disposing of chemicals create numerous hazards, some of which result in damages 
that have to be mitigated or compensated at high cost. There is a sense in which 
present practices of the chemical industry resemble the “unfunded mandate” that 
the Federal Government sometimes is accused of leveling on states: Business-as- 
usual concerning chemicals makes little provision for medical payments to those af- 
fected (except for chemical workers), and little provision for environmental and 
other damages (except via insurance). As is true of health problems caused by to- 
bacco, many such secondary and tertiary costs of chemical usage are picked up not 
by the industry itself, but by state and federal medical programs, by medical insur- 
ance companies, and ultimately by taxpayers and those who are privately insured. 
It may be misleading, therefore, to think of new regulations on the chemical indus- 
try as creating new costs; rather, costs would be shifted onto producers and users 
of chemicals — what economists refer to as “internalizing” such expenses by having 
them better reflected in prices. Tighter regulations would reduce or eliminate the 
present unfunded mandate that the chemical industry places on other businesses, 
government, and individual citizens. 

It also is worth considering whether there is a commercial risk of waiting to act 
that may be greater for the chemical industry overall than any one element of it 
will have an interest in perceiving and acting upon. In particular, the Swedish 
Chemical Inspectorate already has a list of 250 suspect chemicals that probably are 
on their way out. The German chemical industry long has paid greater attention 
to labor, community, and other social interests than do most U.S. firms. Some Chi- 
nese technological universities are making a greater commitment to green chemistry 
than has any U.S. university to date. Altogether, those who care about the competi- 
tiveness of the U.S. chemical industry might do well to take heed: If U.S. firms lag 
behind in moving toward green chemistry, given the long period for amortization of 
chemical plant and equipment, they may lose market share and endanger profit- 
ability during the catch-up phase. 

Another general consideration bearing on the legislation can be put in the form 
of a question: Why is there no explicit research on ethical, legal, and social implica- 
tions (ELSI) of the $500 billion-dollar chemical industry and its associated research 
infrastructure in universities and elsewhere? There have been set-asides or other 
ELSI initiatives in connection with nanotechnology, climate change research, and 
other recent technological inquiries. But not for chemistry, chemical engineering, 
and the chemical industry. Perhaps it could be said that there is plenty of environ- 
mental research already underway, even if not directly connected with chemicals? 
Just so. However, “chemophobia,” as some industry insiders and chemists refer to 
the public’s distrust for chemicals, grew to significant proportions in the late 20th 
century partly because most people feel excluded from chemical deliberations and 
choices. This may be a questionable perception, in that consumers do participate in 
choosing final products. We feel excluded, and we do not trust, and we do not under- 
stand — and somewhere in that triumvirate is a nontrivial problem concerning the 
relations of citizens with the chemical industry and the chemical science community. 
The green chemistry deliberations bring up the possibility of tackling the relation- 
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ship between chemistry and society in a creative way by focusing on the social com- 
ponents explicitly. 

Finally, as Committee Members are aware, the amount of funding being proposed 
in the pending legislation is small compared with the magnitude of the problem — 
and the magnitude of the opportunity. Of course, there already are funds being ex- 
pended, as the other witnesses have pointed out; and, of course incremental funds 
are a fine idea. So I do not really quarrel with the idea of adding to Green Chem- 
istry R&D within the limits of what will be considered fiscally prudent. Still, looking 
toward the longer term, it is worth noting that although no one knows the exact 
number, there are some ten thousand toxic chemicals that may need to be replaced. 
Teixpayers this year are spending approximately one hundred times as much on 
nanoscience and nanotechnology research than will be spent under the new Green 
Chemistry legislation, despite the fact that, in my opinion. Green Chemistry is a 
more important problem and a more important opportunity. Some observers would 
go so far as to characterize the nanotechnology juggernaut as a set of techniques 
in search of a serious issue worthy of teixpayers’ concern. I would not go that far. 
In the case of brown chemistry, however, we have a known problem of proportions 
far larger than the expenditures now being contemplated. 

I turn now to some more specific ideas concerning barriers to the greening of 
chemicals, and prospects for circumventing or lowering some of those barriers. 

Three Categories of Green Chemistry 

Chemists divide their world into many technically interesting and important cat- 
egories, such as solid state, lipid, and carbohydrate chemistry; for our purposes, 
however, there are just three main commonsensical categories of interest: 

1. Green chemical techniques and products that industry may voluntarily uti- 
lize because there are no added costs, and sometimes even cost savings; 

2. Well understood chemical processes and products that industry probably will 
not voluntarily utilize, because they are more expensive than current prac- 
tices; and 

3. Potential green chemistry techniques and products that are not yet known 
or understood. 

The goals of public policy should be: 

la. To craft chemical education to make sure that chemists and chemical engi- 
neers have the knowledge and skills to make good use of available GC tech- 
niques that are already affordable in category one; 

2a. To encourage industry to utilize some of the “too-expensive” GC in category 
two — where a changeover would help solve significant problems created by 
present chemical technologies; and 

3a. To invest in R&D within category three, in order to expand the repertoire 
of green chemical techniques and products. 

Green Chemistry Edueation Policy 

One of the most disturbing things I’ve observed in my research is how slowly the 
educational institutions are changing over to Green Chemistry. Not atypical is the 
situation at one technological university not far from here, where the GC curriculum 
consists of a single, one-credit course, team taught as a free-standing elective with- 
out any connection to the mainstream curriculum. When I asked a chemistry chair- 
person at a different university about some elementary steps his department could 
take, he replied, “We do not have room in the curriculum.” At another university, 
the chairperson tried to lead but his faculty refused to follow, sa3dng “That’s not the 
way it’s done at Harvard or Chicago.” One indicator of the situation, as pointed out 
by a leader of the Green Chemistry movement. Chemistry Professor John Warner 
of the University of Massachusetts: About half of U.S. chemistry departments still 
require Ph.D. students to pass a qualifying exam in a foreign language, but not one 
requires equivalent proficiency in toxicology. 

Now, I acknowledge that meddling in university curricula is a dicey proposition; 
not trying to improve the situation seems irresponsible, however. What might legiti- 
mately be done? One thing we know is that hardly any university departments turn 
down funding. I expect that Members of this committee would be taken very seri- 
ously were some of you to approach the Ford Foundation or other major inde- 
pendent funding sources regarding a Green Chemistry education initiative, perhaps 
jointly with the National Science Foundation, the American Chemical Council, and 
other sources? Adding courses in ethics to chemistry and chemical engineering cur- 
ricula might be the direction to head: One of the leading Green Chemists, Professor 
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Terry Collins at Carnegie Mellon, has added a significant ethics component to the 
curriculum there, and advocates that it be added elsewhere. 

A parallel tack: Most universities depend on periodic renewals of their accredita- 
tion to certify to parents and others that the organization is recognized as offering 
an appropriate educational environment. At present, the accrediting organizations 
such as Middle States are not paying attention to whether universities continue to 
train chemists and chemical engineers in the older approaches or are training stu- 
dents in benign-by-design chemistry. The accrediting agencies should be paying at- 
tention, of course, and although I have not studied the matter I am confident that 
there is a way to encourage them to do so. 

A third glaring weakness in the training of chemists is that they do not have to 
pass through professional licensing, and even chemical engineers can be exempt 
from it if they work in industry. Those who do sign up for the professional licensing 
exam administered by the American Institute of Chemical Engineers. I was unable 
to secure cooperation of the AIChE in my attempts to study the test or the processes 
behind it, so my information is less complete than I would like. But study guides 
for the test have changed very little in the past decade, continue to give far more 
attention to economics than to environmental issues, and evince zero appreciation 
of the spirit or letter of green chemistry. This appears to be true partly because the 
AIChE licensing process relies on retired engineers who volunteer their time, rather 
than on forefront chemical engineering researchers. The Science Committee obvi- 
ously does not control professional licensing, but chemistry-in-application involves 
not high-profile researchers but rather ordinary chemical engineers. If they are to 
function, in effect, as society’s delegates in the chemical plants, we need some way 
to persuade and incentivize them toward greener chemicals. 

In short, there are some social barriers to better GC education that are not imme- 
diately apparent, and that may not yield readily to research grants or even graduate 
fellowships. It would be worth a patient inquiry into the matter by those with rel- 
evant expertise and access, perhaps as part of the report requested by the pending 
legislation. 

Category 2: GC Affordability and Uptake for Industry 

Some of the most knowledgeable advocates for GC speak as if the transition proc- 
ess might be pretty much automatic: Develop the knowledge, and industry will uti- 
lize it. I am a bit skeptical of that, as I expect you are. There already is a repertoire 
of GC knowledge that is ready, but is not being used; and knowledge of that sort 
is certain to increase as chemical researchers push beyond present understandings 
of the GC universe. 

One example is a water-soluble, biodegradable polymer that the Rohm & Haas 
Chemical Company developed for use as a brightening agent in laundry detergent. 
Despite seven years of effort and proven results, the industry continues to use the 
old non-biodegradable brightener, because the new one would cost about twice as 
much per ton. When I asked how that would translate at the consumer level, the 
chemical executive replied, “About one penny” — raising the price of a bottle of deter- 
gent from $4.00 to $4.01. For Procter and Gamble, however, that might amount to 
a million dollars a year if they have to absorb the price increase (which they would 
not, if every company were required to use the new method). 

Technology-forcing statutes of the sort used to reduce air pollution probably are 
the way to tackle issues of this sort, along with tradable pollution permits, scalable 
excise teixes, and tax credits; but I realize that such matters are outside the jurisdic- 
tion of the Committee on Science. I just want to let you know some of the economic 
and other barriers I perceive to chemical greening, so that, over time, you can do 
whatever seems feasible within your domain. 

For example, recognizing the barriers to industry participation, the Committee al- 
ready has taken the laudable step of including chemical engineering research in the 
pending bill. Still, given the relatively higher status of chemistry, it seems to me 
likely that chemists will garner the lion’s share of the funding. That’s fine, if long- 
term, basic research is really what we want to stimulate. I wonder, though, if more 
nearer-term engineering efforts might be designed to help move category two knowl- 
edge into category one, so that the odds of it being adopted by industry would go 
way up. This would involve reworking known chemical processes to be greener with 
the lowest possible incremental costs. Because down time is such a no-no in the in- 
dustry, for example, any ways of minimizing it translate pretty directly to the bot- 
tom line. Engineering researchers may be able to figure out how to minimize disrup- 
tion of existing chemical production plants, equipment, and processes. Some of the 
EPA and NSF programs already are doing this, I acknowledge, but they are mainly 
directed at solvent replacement rather than more complex matters. 
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I know that many people are reluctant to “pay industry” for doing things “it 
should do on its own,” however I would urge that in setting up the GC research 
efforts under this bill that your committee establish relatively permissive guidelines. 
Some of the people who are best positioned to move GC knowledge from category 
two into category one are those with closest ties to the industry. If they chose to 
participate in R&D under this bill, I for one would be thrilled rather than dismayed. 
The draft of the bill I initially read seemed to be heading more in the direction I 
would favor than the latest draft, which has removed the term “commercial applica- 
tion” in quite a few places. I realize that the matter is a thorny one involving juris- 
dictional issues, and that the boundary between industry-funded and government- 
funded endeavors has implications for many aspects of the federal budget. Neverthe- 
less, I recommend that you consider tilting toward greater support for industrial 
R&D than might normally be appropriate for federal funding of applied research. 

The education (or mis-education) of chemists and chemical engineers plays a role 
in this category also: Not many of our recent graduates are prepared to figure out 
technically and economically feasible alternatives to the chemical status quo. Just 
as importantly, they are not operating within a Green Chemistry mind set, and 
hence are not likely probe very intensively to create new ways of working with 
chemicals. Note that this way of thinking about chemical greening means that ac- 
countants, managers, and attorneys also get drawn into analysis of corporate choices 
regarding chemical products and processes — implying that, at least in principle, one 
should be thinking about the education and ongoing training of persons holding 
such roles. It makes sense initially to suppose that it all comes down to formulas 
and other relatively straightforward analysis; in fact, it is the culture and psy- 
chology of the relevant disciplines and businesses that is as much at issue. None 
of us well understands how to go about intervening in such complex social phe- 
nomena, of course, so my point is merely that we need to be acting so as to turn 
out much larger numbers of greener chemists, chemical engineers, and others as a 
way of seeding the industry. In the interim, a great many opportunities for changing 
chemical pathways, processes, and products may be missed by those operating 
under the old governing mentality green chemicals are technically impossible or un- 
acceptably expensive. 

Category Three: Funding Forefront Green Chemistry Research 

I actually have the least to say about this category, even though it probably is 
the one that comes to mind most readily when one thinks about stimulating R&D 
in an emerging field. Certainly it is easy to catalyze more Green Chemistry; if you 
provide the funds, researchers will indeed create justifications for obtaining the 
money. 

Green chemistry is a bit like the Nixon “War on Cancer” or the current holy grail, 
nanotechnology: Many existing chemistry projects can be tweaked so as to qualify 
for the new funding. That’s not bad, in a way; however, if what one really wants 
is to catalyze breakthroughs. I’m not sure we know right now how to design a pro- 
gram to achieve that. There’s usually something to be said for learning by doing, 
and one can interpret in that way the three years of funding that would be author- 
ized via the proposed legislation. I do not object to that exactly, but I have seen NSF 
dispense sums greater than I considered warranted — as in the current round of 
funding for nanotechnology education proposals I just reviewed last month. Hence, 
I wonder if there might be a way to at least get a prioritized research agenda at 
the end of the three years as part of the report to Congress required by the proposed 
bill. 

Further Study of Social Barriers and Prospects 

The general provisions for further study in the proposed bill make good sense to 
me. However, either as part of the bill itself or during its implementation, I would 
like to see some fine-tuning along the following lines. 

First, as suggested earlier in the discussion of ethical/legal/social implications, so- 
cial science and policy are not ruled out by your proposed wording, but neither are 
they made as central as the situation may justify. Of course there are important 
scientific and engineering issues that need to be studied; but much of what stands 
in the way of chemical greening is social and economic in nature. 

That said, I am no fan of the ELSI set aside as part of climate change research, 
because too much of the money went for relatively trivial investigations. I have to 
admit, however, that a three percent or five percent set aside does draw the atten- 
tion of social scientists, historians, and environmental philosophers, and we need 
some way of getting more of them to attend to the brown/green chemistry problem/ 
potential. It is odd to have a problem and opportunity of the magnitude of Green 
Chemistry with so little systematic social analysis available, and I would like to see 
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this committee catalyze enough study that when you reconvene for a renewal hear- 
ing on this legislation, a lot more social scientists knows something about the sub- 
ject. 

Second, the state of policy thinking on the subject is rudimentary. To my knowl- 
edge, there literally is no one who has systematically studied the matter, and no 
organization equivalent to the former Office of Technology Assessment has drawn 
in the relevant stakeholders for sustained discussions. Foundations are not funding 
or studying the problem in the way that the Heritage Foundation, Brookings, and 
American Enterprise study so many important matters of public policy. Environ- 
mental economists are applying their increasingly refined skills to many environ- 
mental issues, but not to brown/green chemistry. 

Third, and closely related, the problem of brown chemistry is only about ten per- 
cent a matter of shortages in supply of technical knowledge — and about 90 percent 
lack of demand for an alternative to brown chemistry. This committee’s jurisdiction 
obviously pertains to the improvement of science and technical knowledge, not to 
regulation of the chemical industry. However, this committee may have an indispen- 
sable role to play in catalyzing interest by other relevant committees, ones with 
more regulatory authority over the subject of chemicals. It is of course a dicey mat- 
ter of how to handle such intra-congressional matters, and I have no wisdom to offer 
superior to the tacit knowledge you have acquired. 

I would urge you not to underestimate the bully pulpit role, however. We asso- 
ciate it with the presidency, especially as popularized by the first Roosevelt; yet 
most governance is partly a matter of persuasion, and persuasion is largely about 
good reasons when monetary or other inducement has little bearing, as in intra-con- 
gressional life. How might this committee use its staff, use its connections in the 
relevant industries, use its Members’ connections with other committees, and use 
whatever one-on-one connections there may be with other relevant legislators, in- 
dustry executives, and executive branch personnel? Such matters rarely are brought 
up directly in hearings, of course, and yet they occur daily in governmental life. I 
wonder if there isn’t a way to make enrollment of other committees in an overall 
push for greener chemistry a higher priority? 

One example of the kind of policy proposal that would galvanize industry demand 
for Green Chemistry would be a revenue-neutral tax and subsidy program. Place an 
excise teix on sales of some of the most suspect categories of existing chemicals, per- 
haps scaled by industry itself based on estimated risks, and give the funds back to 
chemical companies as tax credits for innovations in benign chemicals. In effect, the 
innovative companies would be paid by the laggards. Inasmuch as the largest com- 
panies in the industry tend to have the best R&D staffs, and hence are most capable 
of using technological leadership for competitive advantage, a side effect of the pol- 
icy probably would be to accentuate the comparative advantage of the most dynamic 
companies. Among other results, this might better position them for international 
competition if a transnational phase out of chlorinated hydrocarbons should even- 
tuate. 

Finally, it seems to me that the Green Chemistry case raises questions about how 
public-interest science gets done in the U.S. We proceed as if it were a nonpartisan 
search for truth, when we all know that ideology, careerism, narrow-mindedness, 
and habitual thinking are common in science as in other human endeavors. As Mi- 
chael Crichton expressed the point, 

Just as we have established a tradition of double-blinded research to determine 
drug efficacy, we must institute double-blinded research in other policy areas 
as well. Certainly the increased use of computer models, such as GCMs (global 
climate models), cries out for the separation of those who make the models from 
those who verify them. The fact is that the present structure of science is entre- 
preneurial, with individual investigative teams vying for funding from organiza- 
tions that all too often have a clear stake in the outcome of the research — or 
appear to, which may be just as bad. This is not healthy for science. 

Sooner or later, we must form an independent research institute. . .funded by 
industry, by government, and by private philanthropy, both individuals and 
trusts. The money must be pooled, so that investigators do not know who is 
paying them. The institute must fund more than one team to do research in 
a particular area, and the verification of results will be a foregone requirement: 
teams will know their results will be checked by other groups. In many cases, 
those who decide how to gather the data will not gather it, and those who gath- 
er the data will not analyze it. (Crichton 2003). 

I find his expression of the idea a bit formulaic, but the core insight has merit. 
We are in the state we are, trapped in Brown Chemistry, partly because chemists 
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and chemical engineers worked first of all for industry, secondly for themselves and 
their organizations, and only thirdly for the public. They operated as insiders, not 
with bad intent but with bad effect, and the arrangement made perfect sense, in 
a way, considering who was pa3dng. There is a sense in which 20th century chem- 
istry and chemical engineering did not go through sufficiently rigorous “social pur- 
poses review” with respect to basic considerations about brown versus green design 
of chemicals. If Congress and the citizenry want a different sort of chemistry, and 
a different sort of public-regarding science more generally, it might make sense to 
face up squarely to the fact that genuine accountability may require more sophisti- 
cated arrangements than we now have. 

Conclusion 

In recent interviews, Jeff Howard asked a half dozen of the world’s leading Green 
Chemists about impediments to chemical greening. By a wide margin, they said that 
“economic inertia” was the most significant barrier and “professional inertia” came 
second. Scientific uncertainty and other technical matters were rated as important 
but lesser barriers. In other words, social factors are more important barriers than 
purely technical ones. 

Although I strongly support the legislation pending before this committee, there- 
fore, I recommend thinking of it as one step in a long process. For the future, I rec- 
ommend that the Committee consider ways to: 

• Increase funding (including teix credits) well beyond what is presently fea- 
sible; 

• Look into some of the mundane aspects of Chemistry and Chemical Engineer- 
ing education, in order to catalyze curricular change, promote chemical ethics 
education, revise university accreditation procedures to enhance social respon- 
sibility, and improve professional licensing; 

• Draw social scientists and ethicists into study of Brown/Green Chemistry; 

• Stimulate chemical engineering economics research to prepare the way for in- 
dustry adoption of Green Chemistry techniques; 

• Go outside the established funding agencies and advisory mechanisms for pol- 
icy analysis bolder than what can make it through the traditional procedures; 

• Use the Brown/Green Chemistry case to reconsider how to arrange much 
more sophisticated public-interest science; 

• Envision a long-term process via which this committee plays a leading role 
in helping humanity re-vision its relations with chemicals. 
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nvspite lNc l«L ihM aipvits ul the alny^y ‘‘ItsriTyuln'' appear abnirdi. ts- 
peciifiy in light of IIk public ouniCFnn over dicmioil; loudied ulF Hime fatly 
years tg/i try lUehe] llarttirb, brarun diecniicry ha: retnained the hasi: Foi len 
bcwiki And Higicietrinij. praetke alike ilui'iiiglu'iii: ihe nwetiiteth lasniury.' 
Hunlfr' inromt mlizctl Ibiil mhtmislt iiii|dil -aditpl u vyjy -dilfTtrmi tcpctntti: 

■ Design ricFi neK tTHlecui: hi a: to acoderale bolb esotcelion From Hy- 
ing orgbinicmt and hindegradaiinn. in emiystHn:: 

’ kvifait frwil A i;Af|A>bf(lryte|i|ig#.yJtrgyghf(ylluk«l -Jt 

iiUii: (oilyfl^LyF Ccedilork/. inrlead oF uving prlcixhcmkals: 
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’ EcfriinincilblTil.ifillrn bjiJo^kal.in'] srmlL-MfdtfpnKm 
■ That UHE [» soh^nt! w tHily bvnipn onn. aitd nquirei only □ 

3L4|ni 

-■ L^nuiinglicileorrm huudniHWJSK'h^-pr^uliuiu, 

' Titlding. snuLt tjUAnciiMt tvf ilu' oiw (jlien^kd foi lotbnl- 

ngydikJoib^ iitAiiitf, 

’ Fisfcmnl tf ycry jcrsifcwl iA^ily-ii|.' *n J It.'arptiiHf. I'y 4oiri4- 

hirpmnMndliLvn 'with. a::pi:<l^ of Ihii Ktuml lormoli Irn ’bfr'n grKluall^ 
dr^rfopiit; within, thr cbimical nuarch community' and fYm within rhr 
chfmKiJ iriduitry (C^JukodTct iLJjDO^'l. Ghu^ UDdrr tb: nihrK of green or 
I'usijiruble dtemisirt', the orgutiutljanjl biirroftbi enDnpriu'hi^ been Lq. 
luned in t ievtill pryigrun lit che tVillunion thrmenclnn iind Ibuci hrtni± of :hf 
Lt.tj. i;i)ylri'i|uiierirj| Hri'>Ln;t|M 'I'he iherir ^ufrei. imr nxt 

Suin'rfunil t lraiiiip LTOIlKrWrrrti'kiii of prr.ilAiTlallTndKixititiiK.+'nil IKH 
on [Villaining fuluie ncptiurc! brclt^-ining up »-d]leviaLer or irrubbing 
jlKki. Inelrad. ibe Fooui iioni pnevcnition of prohlrmi befnn: thci' ooriir — 
ledesignicig ohen^kaJ pioduclLon procesies and praducti it the molimlar 
level to mab: tbenj ladKaDp leu dan^rouj. 

.^oiigihe prnfjy-nlcoueirgiieenrichemkMry wu tnianfurd i:heeviis[ryfir.nfei- 
jkvr Biirp I'Mui, Mlbri lirAi the oonoepi iW'diiUii emriiuYip' lit l'f73L 

RatlitT ihftirt jiidKiiiigii^hvirnCill pnMeu tui^iftnifiil if it pnidvvit woUv ptn^- 
vi'I al a HlttfKlorircoiliTrotl urguiKl thnl lhiT$e rr^ntiblr ^ t-Ynlhetiiing 
ohentkah sbould aim for rkganl. eFifKno;i'. fur uiing (he highrn poeublr j.'er- 
OKilagi of input jlojniiai the usibJe output, ideiUFleiyiitgieroiwaile I'Tmt 
IWL|. Thif Kemed a ubnpian. cuacepl when brat pjopoved, hu.( an inmeiiiiig 
iiumher of h(o-.[aialyiu: and oibet-doenairal prnoesKj now ace being, propaud 
iliHrAp|Mictiiiviaiaat:ialyAuthaii autoonie. 

Tty l>ri:>wityh(-ruij(ry fiwiiuli prediMiiitHOdparilj bt'taiiWvhtTiiiary'ilid 
nutadirl veil ai wplibftitaijid a^il griKluullyhRf bettamr btumMoui-athirbo- 
tun omtiibutciL Fur etampl:. the chlnrinaied compuuiidi Ilut have oauird 
so ninth (r[Hihle(e.g.. DDT. FCSi] gained inrpnuifromthentkalexKutKes 
dMue to find a use fur the cxciesi ohiorine aeiuil as a by prndun of another 
haste cbecaital protedu iThotnion 3IHHI). Then [he exigeckiei tiF liOtirlJ War [ 
pur a pretviitint iHi finding t]Uh:k, effknive ways on aoctimplbh certiLn ends, 
yitd ihf f«t«tiiitj[ ivitHiti isiprieJ i.rt« bnui yivilimi liff via imiih (Spnal, mtiia,!- 
lojhal nKintcnIumi nKirh.(( nkhrs. andhibilMjd pn^euionalthoughl I.Travh 
I9?dt T'Causlopf I WJs Nye I SSJ). A nut lery esolerir ctumple vwai tbe oellia- 
paper driehipod h}' Kimberly-Clark far bmdajies (as a mhilalutE far cnltun 
nhat wai soato: during the warh subsequently iranimDgriEiedl into Koleir uni 
nary naplrins arid iTeecie-ii | ^'oflcial 2Ci0b|. 

Hnom Worlrl iliiar II came niiemefiaui '‘hr eakrhrnughs' induibng IJtyr, need 
hywUwri HifHintl iHnif Ihf Hjlli (UjltSrqwiuly aiiplsd IP killiliK agrii,i|i|Miral 
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(irtrs fidw Itjririiiil iili !#ClllMifiin Miiftlnfh ]ir(nUi(IICJrt uw ill [tiefc*|iTri 
qumtilKKUfilimutiin t^wrcr n:iLiunF!:. WbcripfEr^fumand naluril ^9 fcnl- 
ito[t5 bf chnnlcidT ExcimF cluiqi (uid chFiTLkdl^' CF^anch intd lipid- 
and ciibdKvdrjlE-huiil chcfniitry {from pluiti^ all tut disqipAarsd For much 
cJ :hc ivMDlKih cenEur^'^ ^^ddicitKuL btiEioricjl cjusis For Ibf CbcLU «[v bmwji 
chEintsiF^ muld bF Added, hun [h± gener J pEiIni k apfuntnEi VArliiiiit cixiicu- 
Ckt^rndoil ftltlCiiS W <lwiilh:iil AuJ ti»i^ vd M> 

ailu^l aflutdiblri EkuhlrmrlhKHls-withmiL rmiEli iFHjuiry indu king-tcmi wl- 
lectivc Ewdi. Fdmc F. thFre rtever 'vai an Krou^thF-board and dilibiralF tlTiKt 
td suEvirr cbemicjl kn^ledgF and try Id figure dud lb: “b«1" wjyi cd eh-ii 
iErui:idngi}iith«icinE!lecijlt^ TKkurtoFhuli^riciillycattruigFDl and ibocuilly 
^nnhlenutiE mnethrul ed Lheculng Ank'ing ^A«lhl£: nfEbnekiglEuI tr*^nne< 
hfidly niiUiuf (id (ciirtt^ ^ ('.1,111111,' I Ci (here' iio aijtiiifidfdl 

rltdrl. lE) suciTF many ptx^\r lYp>i] ul nui'lrar rtarf ura bn utdir lu tnd -uemi 
eipFcially auiled for civilian, use I Mdchk' and VWbedhoure I'Si^ll. 

Fee Itx-fuiuid, lien«r>'er» cnighi chemuis and dicmieif fcrsinecn Maledly 
Euiat ECiward mciie henigp appnadcbci id creaie a greener, if icill iyncheiLc, 
pliinetrii If nnc eleAre!tu:iF|i'h(nvCmhF Idea. CAiL he iaiFTiedlmEiiitrji;ali:F, blit Ij 
iJirpcar! ihrl i,hc?c(iiniltlKrni(al Hxmrid ibeulwd alfim' rmiy p(i^ciil'i»iFr br 
within 1 Im capaciliv; cd a Tcvimp^ ttirmiitry and cbimival Engitreiring 
(.^natlataitdl^rmr I'^I^PcilialtolfFtal. JOCQl. 

EKBrnplgs of Q-ean ChBmietrv 

IicampFii df rroced werk qublyiRga] gmn chrmislrv are hy^lighfcdhyllM 
“PneiidentiiJ Green ChemblryGlulIcnge Award]" gyvEn annually huee L^d 
bTlihFlJ.S.]\nviEianiDennal PTYSudban Agtocy.* Intduded ]jie.iwjEidf Inrdeiign 
cd new cheinkdli ihat Are inhefenily letudAngenrnif , fbr aeAiion tiFufer inebhndf 
Lyf('riyihri»ifiMk.^ki]iFrik dKimibyl^Hiiil fot fdfbTtKilveitK, ii Hmj rh('s.i-(^ll(id 
"Reinirenlirti; Guvernmint^' iniflialpre cF IIif CKnUiii-Gun .^dminb^ralkin IhM 
crealod 1bi award iDomprtitinn as pail dfan rfFcel lo rrcDusIruct the italF to b: 
Less advcfiarial lovucd the business icctdr {Core Gsboine and Fastrik 
LM^7: Ui Congress 2001 k 

Ihe htfi AlreriiAii'tic ^niheik: PAihwAiiii AivArd went 10 the .Mi'intAntd 
Oihi'Aiiy lor n new tnhrtkiVT #(ir iiimwifAtlUriiiK 'Ro"rvlv|'i™ I'vrbiflJi' m 3 
kss dangerous wsr Itou'ndop-'” is among Llir lew rvasty hcriTkidtSi and ■wme- 
timn. b dcstrlbed by rb advorates as 'rTTviranmentally friFndty." As Ibe award 
citatiuD put il, in the imw procesc 

1 he rew numidls have low fiilatlllty aiy Jiie less asix. . . . land I rhe lie^ 
llr(Hj''.%('ib'“'n IJo-gOii jf. iyiyi{(nlh‘rinif OfnJ llwrrft'rf (t'o^L lUii [jiwffll 
danfltpr -of runway. Moreowrr, 1hd) "eino-^waslF* roulr (o PELD.'^ pro- 
dores a product stream Ihat, alter liltralion of ratalysU is of sudi high 
qualily that aa puribcalLon or iimsle nil bnroeuary. . . . The newicch- 


Je 
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ceprtMmf t nuj^ br<aki!hrm:i|h . . . \t av'^Ii^ [he iii;.e -nf 

v>^nkltr and fvmiahJcli>dr^ ii ^ttr upcial?. pri>iluH.['j higher ^rr-ili 
Tield. uid lui- Teni'er priKtu slepi. I ETA L94d^. I) 

llte ke>' [fi ihe iiLnn^iitpn wai a eww cinAltnU pniennidll^ 

bk lu Ihi' pp.’|n<rp.1ipii uf nnHik' <:i|Jifr n;riniku[ali ['tirnnKnlil^ !$pn:iillTi Hid 

pharmi/cralkaJ ehH:mirjh" (EPA 

An«her iward hunc ic [he iruDu^eiurcri d ihuptcden, ibe tA^II-luinwn. 
^nhdkr (Cifc1 ;#(. Attid"" Slid i'hufirofrtt rf- 

qubed maiiivc quantitin cF Hdvrnls 4iid achieved onlr HO peremt ff1icienc>' 
^'hhkb ninru dU pnceal Kjsle pmduoij, whereas the ntvi pjoteu ackkvei 
itc:i[|]rMM lier-fenseAkleney. Ii ’‘re^rYslurkiisked hulk phunidceusiiial niAiiulsc- 
lurin^ . . . pri>vitli in^i an rk^anL Kslutiun It? a prf^'aknl. prvhdmi: ht»w it> 
jvaidi the larpeqiuDlllies of idTEnts and wuIk assadatcd with IIif tradiLiniul 
MoiehKtnKfric lue eif auxilij ][7 tihemicals when etleaiEig dtembcji] Lnnver- 
*ii»“ (EPA I m- IJ.I, 

]>cn''Ctwniicil won an iwud fur uiuig eubwi diootitlc es- Ihr bl^»in[j apml 
for muiuiKLuce of [>nly5l]'Tene ItMtis ihiKL piekagjng [duhiiL The truckel 
[[^h nidieridl Ibnj iiJt TOG nidllt>u pi'^iuls lit ilte iilrtny bp 
principally Inr carrlnni' and fatl fvud ticnlaincrs. The TVrw itichTitilqpy 
allowd eliminatioji of J.S milLnn pourads cf chdcroSuoTOfarlKn blawiry; 
dgent^per year, chemiijaljt ihai cnmrAuted Dtt iidnne deple[in[k,^hiil wjim- 
iiil;:. iiiitt.|jicjurKJ hvcl ThrtU;. iA [lit- Pnw pirXcta iadt'riinrd knni f tjyiii^ 
iisauDoes Tutfi as amnuinii ^lanls and natural ^s i*f]| 5. therefbn naakinp uu nel 
eDQliAiuioji iDclimvIf dianp^. 

'I'he niTihim Hjiu i:rinn|M||^ ileMn]^ ipnj.’^mvd "antlduil- 

in^'' ctMTipvund It? ounrlnJ tinwaninl grvKih t?f barreat'ln and uther marinr 
orsanunii cut ship hulls. The main eojnpounds used in lecml decades, lo poisun. 
wnuld-beFiiuliDf ni|g?]n.knu hdireheen nejg^nniuii, whach persist in she juaruie 
iitr'iicUinUnl aitd iiKrtuk' bhdl tlikkrhfi in (hdlditlu ikviesM- r(prt'>dsitli'T 
nsbility, and cause tMher envdronjnental prchlenis. The cuoipanjrs Sea-Ti’ine™ 
jniifmjdaiii biodegrades far irtnre rapidly ihan prevksus. compounds — wish a 
btlf-liTe In stdlmynr myajiuned |n hottet (winp^uil wlrh ^ii: so nine psyinali:; 
fitrthe Lin compouiKls). fita-Ninc™ tk>fs.iiiit hitHonjmmlale.vHicntiii.tincan 
leach eoncendratiuns in nurine csganisnu u high as ten thousand tiines its 
original eonoeniiatii'in in the pamr. 


HAYieit □Pjenriiereif EldCei tAj lAsti'citnamaes dritsL-^jiHI^? 

What tita athtJkMt~? of ]tTcai ttiynihli~r t iiviiiuii, Anti 'nhot «t Sotiif caAmipIco 
oF resrandi and dr^kipment roretrontsi' A ‘'ItiSd Flan' prcpcsed ad a L-hiivcr- 
laly of Maituehiuehs VAirkshop on the Kole nf IhilynieT Jieseorsh in. tireen. 
(Jhoinisi ry And hngindfnng pfcrluinid rhAi wiililn two ir shouW be 
pussibk to: 


Is 


^ IjC 
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■ RcfilKF ill ml'iFiits and Kid-tii«d calalyili' Itut bu^F aJvcnF 
rmnMrelal fflKli wilih KilidL 'H'jb:r baud re pi ace nun;!:, or cnlKr 
'"ffeta nlKmuivc^"; 

' ElirtniiVdOr iiv#dr I Dd i.K'i^d'il (-i'il^'irli$‘ id jHilynitr diHiiurMtunii^ 
and poifuiiip. uiiJ ndure by rnnre Ibuii 50 pKcrend Che qumlilrcr 
pliitia piired id luidfills; 

-■ Increut energy eflieiejicy hf 4IK pereem ed' rndK- in dte nurbufiiciure' 
irf iwirffitrw 

■ Achieve j 50H0 percent Tcdvctimi in wiiCr tunerp' emi^siitnr. if'rtrii 
ind raw mineriililL 

Thciie ipc(fc wlHiIJ \k (tppn'ryclidj Mis’'rfic*ft h <iii *l*(irfl#iitK' iiksiihifstCCOinOK 
brehniques. xri ven lies; pnoccMci.iKi^'ctHt inward lilin],and Kparulirai 

ccidiruque: .'Ibtlin dim intec&ricij with diemk J mm^valbon - not mnellung 
everynne 'hYwild 1^, hue prejicnuihly cif gpeic onnoem ii> iiulikMry eoteeuchi'eit — 
cllf |4flkHpniir:ii fti iiihji^d. chHl llic jcfrffiCr |pr<K(?iiD *;iiirtlp wOuW 

nsluce by 54 perccTl dir develufTment lirnr to procltKC new pvl^-merii partly by 
liinplifyic^ nunuractuniig rctfijimnents and parcly by rerbuciiig mvitonciiFiin' 
Lit mnifiliAnre iren^ciineu (21301? Wtirki ho]i IWtt'l. 

(.Vrf lirtft prrny nhi(>nln;«fry>yiii)*1<ifyA(>«ry(iDdfr(>ffl*St*wiliiii ^t?w- 
ing ntimber uf Ihuir at the fucelrmiL trf rticmicil leKarcti anJ cle>''elt»pnMn‘1. Ic 
■I rejniiiiioeDl nf i^t occurred in dir field ed coHgy aDiiTaii wbrn Anxiry 
IjnviiH e«iimin«cif onruervinicin ponenciiih drnen whin heiernieil‘icifi|i(ijli:;'' 
wcK (Mx-ilk-jiotdvhJ by Mrjy ro^kwirri hiir nuicWK ttntihk \ Ia)^ii 0 ii 

L577.I. Likmdir. 'udiiC 'Mmild have KetiMd like chemical nerer-never Imd a frt* 
yrar: ago nov looks increujciigly like a safe bn. EmbkcnidLc of the dih ii the 
Simple feci ihu libefiei^ diemiMS once wished iheir hands in henieoe, “Todiy 
CftSKrikigy ■» rtiyyh * pyrl iIk K pWTk tk' hiifirtew,’* 

rairler Dciign and ]:ngknreriiig.lnoiirpicirali.^.udKrTlBe9 that iJlipruchicI ii 
‘'hi^ly eUrclLn. rcDoamical uid lmv» no toidc; waste-" I PbindcT Design 240^]. 
llnridi L'^ieniicil iwes nerpenes denyicd frnin ciiriH oils tn- replace penochenai- 
t;*! h-Hnftlwks p|li)wirti! -(cmipiiyy e»t\:i|c|c« (i> ^laiiin rhai "is 

bimlcgritdrfik and clues li'ClT cufilain mspc'ct -nueiyl phenol fuund in uthur 
emulsifins" iPlof ida QinnLcJ 5iich eco nuckeling snfar srems to be 

mere conunoji in aduenisicig insesiJed fnr huiiness purchasers thin Chr ofdi- 
swy<CHfiiiweif>,pefhlpS becuUM! cht fijrirtet.utt*ueixjr,art IWte IlirtMeKKd 
and niurr highly nautH^ted Thia is true in part bteiause uf liability issues in- 
cluding; worknmis compeci Slit ion, uninniied gries'jDce procedures^ md other 
workplace health and sifely advocacy acwl negpnialion. \Vich the eicepiioji etf 
^let^in^lfn^^ia^x^1»i!h^l»e|yflWf.s(cplk:llH>fs^nKle|l(w^|^■f|| tsuenpeon nuions, 
wHicktiT bodies olten act' nut laken ■Hriously enough by manugernt'n!. Cu nuike 
Is btacT icTi-ieslmcnts or po lo unusual Icnglhs in leurrangiiy; productina: but 

k 
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'hbfo j b re iJdb rough jIIowe j reluln^' low-o>n -tfuD^ wuh 

[iLinLivi J hudtie, m^nAgeri jn nei^ji Jhly i)uick in- lAke AdvjniAge^if n. 

rtlif phWiHKlf^Kut liAi ly«j! Wfirk in fflrw CCilHWiliCiflAl iJiJKi;iiCif 
llK'l'bcmi^'^l induifiry. [n«<hlLli^1^pn»u[v^rv[n'HT>Eijfn3r»d frum^n^rn- 
[Tveut repjIaloT^ (hemical onmpany rxjKu^ivn liKinEl I}ii4 in manr i^lta[xc^ 

Ihey cduM kIiji 31>' lavv itiouff lyftr the Long ruo bf rpducin^ ctHcnical re- 
beoiuie nf nfuney uved -an rti/i nidurdli and in. diipoul oi huziudiiui 
bt'uieiE. AeviMTig large LiAlian chefmlcil hrnu;, for eutnpls, bechaen IWV- AnJ 
IW Air erniwIiMj drcilj^ieJ 54 LM-tviH fiH illlfiir d4l"*df, Jt ff* 

parlkle^ tfZ pertml ftjr irohirilF orfcanik ramptfunUh iml !IZ Tfroml for hrran' 
melali. ^'a^*r>^ler elUuent; IBieiv'ix dKlintd. Inil no< quite lub^antHlh' 
iCduLozxa ItWjL ilrriilLer JinnE birr no1 deuicd iip 1h:ir pcodudLon prDOH»4 
io twarly the ume degciH, induicry erions uyt largely heoiuH diey 

Uak ilui: eiC|Kr[ij(e Jivd ftnanciil re^urccs do to. 

w||jii dk' llkrt- AM J i.^lkr <lk^ r*jpi> pi4^Wr fOf i*irtlli54t i^ ycnviiiii^ JirtadE^T 
AtrordirTg 1r> onK' hd>.tKale. Cal Tech rroleiwr FiarKii Armild. 'The lalarr m 
limited oaly by out im^nalions^'' 

□li3tacJii& m □hfirmied G'seyiiiig 

l-lnw rapidly ilie chdi^ af fame ltiti prrweed ohvlemidy depdiiilt in {Mi-r on 
idyflur iht 'Opiiiyiiuic tn't^ifiit'dij prove leyhrtkiilly ttksiWv. Ainltye. iuypor- 
lantly. urn induetry ejvecaliyn. ^^rteplnin? cunnrnipg erontmik fiayibUily. 
MovcntHil loiiard Tnore benign chemical] alio vv ill depend on Ihe extend 1o 
whiefa gpvemnaeoi udlciih pat prescuie on iodusry; IM; xill be- ;hap«d in 
pan hy pubik imeiieii in the fubjeci, whicii, in inin, will depend largely on 
iiiedui eavetage- Jivl on ibeprivcelyniliig. jariiiiex of een'iitanraearal liuereKi 
giciup^ 

A1 pcvHnti Ihe Irchnkal putendiab arr chuiging mucti faedrr than Ihr hkhI 
CDOipcrticcuiun and Teipoofe. £xen in bucnpei mok regulalory acLhaly Fneum 
on CHTBctian ur concainmnal oF eeivironmcnlal problenis already mnin^ 
Aneia^epeiafi it theaniauuioMl pbnornlu! fhicdiih (';hainLi:ita in&peciiiraia la 
phAxe aun j. docuii yiVfi<i:Uta>' arvl ha^ taeaa ZfHI on ao ''r^ru- 

licm^libt tliitl pictly ckarlvMv vandidaLt] For bvingbfciiied. OtlicT EMicnn'dii 
nalioni are moving ir that 'mme direclion. Bud ecen Ibii muv^ e lirntd oomr 
pared with 1he bold passibiljlies foreseen by a hindful of green dicniiitry 
ckniuriet. such u former (jceenpeace scaCT meenbej' cumed btolugist ]oe 
'Chneuiaei, vcha hai; cianirmcced a deiailed argumenn xuggesiuig diM h u cedini^ 
rally and etonaoildilly fi^bb lo fihave i-no vltiiially all tblaeiewd cliynPkrla 
ITlii.HTilon KKOI. 

SyiLenutir inquirr and debale aiboud luch e puuibility' is slowed pardy by 
Ibe way thaf mau iDedia handle mvirnnniental stories. Coverage on lelniiaan 

jTuI in nevvipapees may chL he entiretycaenmKisurafe with Ibe magnilude and Ifi 

Ic 
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uope-oF ihe pnibt:[mt.bul j ^rcjlcr absLict: i] chil :h£ Taius niorrTully is «i 
lyrnplcms rjtbir than on ihjf underling protj^nu. EryduyfiKd. ipKin and 
babiiu lo£f,^illi of huudoui chemLciii, wdc lacts and. Ibiir victinia.and 
ojdinary air and waCtr pallulioji oipluxt mnsL oi iIm aLlmlton lAllui oL il 
JChKi: I luisffi I £4 jS^ In the irtKiiKci vdKrf- a siary diib not with prot^lHns 
bul ^Tlh. puKtniials Cor lolvitq prnidtnu, tha amphaii]. usually is on olraner 
amissiunst wilh naounsidaralion odpoBibShits-far cnnra fundariKnlal n^disifn. 
in a xrua. iharaCora. madia orm^ri^r of entHronriKiitid isnj» nuy aotiully 
t<[>d 4a lake ulantian my fram fundamanlal issun concerning desa$7i of be- 
nign (hemic lEk 

EiTvironriKnral graiifis likniK fenerally renuin locked into chr grnyrnjng 
mmlalilT of the aitd I on the dik kind, chenuoits. are inltercnlly 
villainous; on the achn hand-, it is politically and econatnically infrasible to 
fbregn Ibe ckemKidi: bcTKlils. Tbe ontr (iibh option. IhccFfactv is ICFadng 
w4ste<ivaleri.Krul)bing snaoke stacks, md olker^'ise tryir^ln keep dumicals 
awar Fcacn Ihdng oii^nisms. Gh^n Ike ubi^ilrof diccnicals sn carvlrmpoiary 
society, the soquHtratinn appraoch ralher ^idcly Tuns into diffinall nbstactes. 

Coeen dicmislTr ad^TKates accepn pnllurlicoi clranufp and soquncralicoi 
enrthacb as part af the stnrys of ooucar. but Ikey rrderlain a Car motr radical 
cfTlion: prei.enting.prohlrsns bcRoie thryorair by In^ceii^ing chemicals and 
chemical prudiKtion procnaes. so is to canir a; close k p'ossjhk' to inkercndly 
benigus By recognising lhal synthetic cfg.anic chemistry is higMy rrulleaUe 
and Ihat social goife poCentiiUy can drive the rcirran^ment oF mohroks to 
ieri.e poblic ptirpuiei. a new guvernrng menidHyberomrs available that could 
lead to a lerotirlcuKled chemkak slate. 

That Ikere has been some motieniml tOHiid sisliUjIioiulizing this social 
muLimiml whhm chemislcr is inditaled by Ibe FkI Ibat thtie isox is an annual 
Gordon ConFerenre on Green Ghcmislry.''^ The U.S. Makiinal Academv trFSci- 
enm serves sc Ibe ■•muc fur a diHerent uinuul ocmFerenie coveringgpten chem- 
ical eiudnciTing as wch as greeit chcmislry. The Oiganhathm (or EcHHimk 
Gooprraliun and Devf lupmcnd s Ghemit'al RisTt ManigtnKTM Ihogi^mi also has 
be^n to lachir 1hf suhiccl. The Inicmalional Unkm fbr Fhiir and Applied 
Chmnistry focuerd tm pren thcmislty at ils 30fll conFcrvntT ki Brishsntr. as 
did lhatorpiniralicms CMIMRAWTI Gommilhe IGhrmital lleseaTth Applied 
to V^rkl tJeedsi at im inlcTmlibnal cunCerenre that same ytfar in Etoiilder. 
.ikhuusih Kimlisl^4^d tedvnologisis medoinknatc al Ibese conFvnnctrs. Ihvn 
k i^lJfnF milresih hnmrd intcresl groupt. gc.nnrmmenl onkiils. iuurTKjlisls.4nd 
cChernuocypcriis. 

The Green Chemisiry lnsiilt>1e ci'^pons™ nomcnnis conArerKn. and 
mil' h*s miire Ikan it dcuen alFaliatc orRiiiiestlititis thruughoiii ihr >M.Trid 
(Gram Ghvmiitry Inetilnlc 20021. The main Chdnt^' 4a'hnclc>pcad tmivcrsiiy. 

Is ptiydbly knplniyjinif. wniUrn iinmTiiliai “dih jcnratci insliAotit>t4al mtomcn- 

turn and herd eapHal. has ncmitly opened a new buiklingfor a green ebem- 
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OnnngQ Gt + IBS 

tnry iDiiuinie. A cmnnniiEH -nf iIm- A jme-ZKAn Chennicil Scclciy Ls ai wmk ai- 
[tcApcing. ii:» mue -Etunknicy Ani currujiilA. iihi^ 

iHj SiMt hAJh ii) CeAiiiiie Jtildfi 'nil Eh± Hiihjtiiu And eHc HijyAJ lici^itny nf 
Chf^liEiyhuE UijnEiwdEhtJiMjrnAl liTYLWfJIumijr^y. 

Th£j;£ ivu^ iigjb -tiF life ikiiwIiKu^Iii^ ai lit ntMi iisLlil In^liMliHM 
EhtA li in LhHnUiry, EliAnuiiil 'eiiig|iA!iHing,.AtkJ Ehe-'ihfmniil Induiny ainildAi- 
Ahlc- 'ii'ignlElitt, ln£i:iiurli'iiul, Atwl oihi.'i' iit.'iniAniuni lAAikJln^ in eKe- utij cA Ehn 
truiiEfi'ii'ituEinii. Ahi>ui m iiia: in uitiiEinult^. AH lE ■$ iA indiijiiy And go^- 

VI I'liiwiii. Wlk:ii A fiEniiglnu^ IVuHic AliiAi litnni^i'y cluii phiiiinAAd eli liELdt^i-i- 
n'l^l ^A liAll 'di.hM^n^ I^KhI rAfHlHlA lO- HWilirJ*! lltvTiii lli^r liiVj^HAil 

A||*.ni|| |th|KivAli c)i||Aiiiil, Aihl i|lini|Ai'|iC t*Wrflb1fy llf.W cin^iii^lK.inf4 tciriit 
nilKt ill kfti'iiiiu wiiJi gi'MirvirtfHiintty jifn-livic. |iv '(Jii>i<iUhI <ll.lE^A^|l^'' viid ihr 
tv'l hf iTAik) id.'AMii WA! AMnily uimmiUft- Ajkd (n iimif up wiiliAnf K'“Hi 
iwHMt fur m’liiilAiniiiii IhCiwimi -julrfinnUirr yf ihir iVpnrlifKTfli 'he Win- 
mii In' iiinM.irii »■ nrj{K>niU'Ali 'Thri t Ihr '*»)' il a (kuiT -tt Hh^atJ -util ■rUtir-iijjni*' 
TtK'Kiinliik sI^K'gI iKAiJnTik'i'tH'inKtryiGni'iniKhi itii'QHli 1.111 nii(J>n'i. he 

piililk! ul* thr -Ktihink VTliAri Liy Ihi' Jlilm hLi ranhikii lunJi hnnini apilid. 
an J iTHU 1hi’ hbwiilnfy tiiuirini'ni itf JucnnJ for weNit tnjrclinii! of iFwmiaJl 
nr^MFTti and I hll 1992: Ciuinant and FEtFnn> ^Fnii.^'cnbirjt 290] k 

Ati<}KtOi?B< El/arTif}^BS 

Our gF thr hut urau- in ^rrrn tiinniitry ii Itut nf Liyinjlj Ig mGn lu^nT 
si:Hniltiss pivm!H:Si gt al l«]>t lu ivaLhEbi]- pGlhoap uhI Lfrhniqwi lhat uir 
Las! danpoGui sul^ml]' sutfi a? krliHM and rlltir. A promtsinp liiif 'DriiPTTti^- 
tiua tnoEEms 1 Im uk gF mprrtritkal Fluidii parlkularlv carben dkixidr 
(KJi-iii «l al. 2HH)}. 7h« baiic; if kCO, liim twen undri-ilDod fcr abonil a nil' 

SuiTT. yit uni J TrrrntlT' thm i^^rc ticily a handFul oF thtmicai prorriai:: utilia- 
■up 4lu iKhniqu^. gF whidi 1lti Imt Imiiwn is lliu of dKafFtinidici; oaFEer 
{'WillLanv and CUFlfbrd JOOO']. 

Opimioas differ dd >4iy Ibi: }iis bma sol Sntnr point Id thr oipilaJ <xp<nir 
of buildirrp equipment in □perut al the tenaptraltnes ind pressuie; nneessary 
fair athfeviiaj Miperoriticality. Thij leenu ibit que;lionibilc> in that the pret- 
Hires inmiwd are nal}' abnul dFKKi 'pniinds per square inth. and the lEmperi- 
tutief atr lAuhin Ibi ranpe often fuujid bi iitdustriad praetkr. Other nhsHrera 
nunainale inunlenano: difTKudiiei and ouets u1Ik oulpiiL Still oLbers arpur 
thal safety is harder lo issuie when deiUnp with pressurised qisfents No 
doubt there is vabdity in these dakns, hui pivenilbe lifeqiiolc'ooslsand'ccin' 
leoinaenut looial oosls of Diury petroleum hised sohenbi. it seems pneity 
clear ibar a hupe number at cbemiEls Ln and oul of industry ha^e for decodes 
nnt been paying jppmpriaie aiwfiiLon io die poc-emiol advaniapes of seCO^ 
and other supentriLicjJ fluids 

A cbemisijy professor working, on SCF^ in ibe Uh! suggests thai die ex- Is 

pluutiim rests paitly with ibe fAldisb way scleniisu sometinnes ipprnaeK new Itf 
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IrchaiqucLThme bmi reciujient cyiilss, [k in Jiicntian lo SCF poicQ 
iLiii. firfL ilu pouoiul \i enrttusiME pcopciK jnd nr^ am Ciix'y 

Mjhc-niEA Tai- bf^ind. iiaiE: iif niuii, viihi,-ii ihcsv 1jil, |i*nii:- 

ipanUb^^nd funding, make thr that SCF lvi> [xi| 'u'vrk.rd 

cut. and atlcrlicn turns to sanx dUict hcL topic. An ubvious jlternalno would 
bt petKM, Modv citplocallon of ubatever njndartxnul guntinns ncmain, cki> 
pled wlib chemiind Jiul oiiher engjrieefiing itmovjilruudeib^^ted ta apply 

frIklivTl)' jiii^ltSCF (rtliiudt'fcr eii^iplT imte'iiFiKtiirirtJt C^ht r 

proitTK!. Eut tuth btcadr altintiun tU' a higb-pricnHly NHial laEk would Kt|uin! 
ogmdi Kttinp pr«r»B uul linkages belwcm politkal Lnslitutkins aiyd ie- 
suoidi iimicucinns better than thciie itow prevailing ICoxhiu aj>d MiHidhnuie 
'Vii'uirkihi^iLveet aI. 

.4 nwrr minhsU UKtrs^lul ipprumh is illu¥lrnliril try Ihr work vi Malvrials 
Tecbnology limdied IkITLI of Flenj^. Nevada, utfiirli in pulnmbip >vilh the 
Navabo Naiioei cporiin a Facilily neKi ba Ibe Fnir Caenen Ikoveer Plant in the 
MtuthtAsesiern United ihAia. As ibe- peimary raw ioaieriaii far nairtuEjciuriog. i 
lllp: L-if iu;w iMivdii^rt; WTT.- is Pjll** wasia fly Ash itui iatffltl^K M l>t KibW 
aw3y..CQj lrt»n Ihr iU.t'ks llvil tormerlr wet. rrknMd as a grcvnbtiUH' gas cua- 
liAutiofi. ind ihermil w^isle heal. Thants 1d irupernillcil lerhnclcigf that 
turns the CQ, iula a salvcnt. the .tcmpjtyr ia aMe lo achiot'e tiHilocular bond- 
ing.ibaiggiestr'hepiuducuImpiicA.Ed runinionAlirpraupted wirb lighter height 
iIhA iiSCiiA|HliA|t Ailtlvriiiks ( loiivv I ^ f Fvhiii And 1>lvr 1443 1. 

Thr him s fuunthr wi; unablr to get any xssnianoe from the l^eral gov- 
emmeni In this itul-iqs veolore berauie"!!! did iHtfit imaestisling rmiron- 
menu] pragrims; artd teniuie capital firms were noi iuneresied hecause the 
priAseti; WAj(deeinedici)i'srtOcp.''ln:inu:tl9p, ihe rrtAln iniwivaili'Mi reifpilred in rhe 
MTL tasf was nut leclinoMicnlilit Inil NivHli Ihr mlirpiriirur srf UHf lo rrcalr 
a nev.' ‘husinesc Ihat wuold seqoester carhoei diu-xide while utilidng. tearle 
prnducts fionianesiisting, bul iniiisJly uiaidentifled busiiKss. EleJiad no spe- 
cialiaed training ui fkllX tad naeiiely uncovered their poceniiil while tking 
frty^tth r(i l^iK-Odt Ikiwio Atski:- witvfhing ow s'f ibf ifiAivijAb *iAi|Ahlv. 
Olher gnrvn rbemisiry pireclitionm rtf>or( bring lumtd down or down- 
graded in slalus bocuise their work «Fnis‘'tc>o applied" or olberwiie not sexy 
eiMugb- 

SudFuitliirigieuaudaEihetyfFjeeiaf MAnAgeinem andBud^i lei iVashing. 
1on IllbV tfiowii rioo li(lkaLii.iu( ll^mu'igiiig iioAntlwkuulAlw ihrk-dJin (d- 
urating Ihrir Hiper iurs about Ibe >vays ggEtn chemdslcr may had lo modUfring 
tradrliojial appooichei to envimanKnaal ragulalion. Top administrarors at 
liPA tend Jim to he very kncoaledgeahle ahoul cultiuj edge science, perbapt 
any’scltti((,and ihcdrven m m HJ'A siAflfets. mi'Ki directly wcirklitj ciii gtcrri 
chemislTv and tngirKt ring btvr bevn vtunmiltcJ to Kstuistary cooptiation 

Id wbb iiaduitry.. as arr mosi of the dicmlcaf resoardicrs [ inlervirwrd {and. of 

Ic CDursei industry emecuItvieflL 



86 


CliengB c/ ■ TB7 

1[ 11 ii£ iluE e^Ieuh huw lUllill tphMeivH hull iAdlEflEy 

lltar [he grA'i’i E:h(:iiUAIry CC.iCh ILI l>¥ iVKiil^rilli^i, if 

iii^i|;vr (if ninltrir*:<( hiiJ jitmEh rt t*iilrt^'(T i(f fiiiTr<*recl n'^r^in r^ HI 
4iKurjLT PiM will] the tffirt<1i(ini4rFi.ihm imiJ Hxm inihiilrF pnrlkirj- 

lion al GC cunfnrnET? haii hevn bciJnilirri anil I bivv chiI inm r'idener ?( a 
mjaNiiti T^ilt in industry prKikn. This imprrMitm is cunfirmiJ al IrasI in 
pari Isp minimal artivitynn Ihr subi«rt al Ihi AiTMrican ChmiisLrp Council 
iroimntF Cluntkal ManuFacturm ^SDEiaLkin C 'whkh has lent ils name tc 
several ^oen chemistry oanfETEnres. bul has nix Fitcuied re J mnney or 4tlen- 
iLon an ihe fubject as af Ibis sHilict;. In mid LMH . respncsibilUy far aoe such 
caofrrencc was assigned 1a a iuniar sliff member in (fit RejjislaHiry .^airs 
DuvJsiaiv iwbicb apparenlly was because shose wiili mnrr semiaesty ''did nix 
knew haw sa fti green cbenunrp ima rhe origan on iooil srruenue." The orga- 
nizarinni noemheirs — che larfen plaintn in. ibechemicji irsduscry — generally 
'da neii seem very kULeresEed In green cbetuiiirf.'' 

A nuHiher ciF liurupeau geyFesYinteriE -nflFlEisk hAbiE: mid sue ihey dn not lii^ 
like MiMih Americans, ^rely vnliuiisty apixiucb [scrsnHWiii: neveribie{csA.s( 
idf JIHi; hiiEi'itiiieri etvkiyiniillkniEil ^uicfec hnl nud^ IILdusiry imly l-aiber 
jpriitk kiuiard Iu«>iiprnviit4l rcdcslfjii (ififliviiik^k. 

A Fm (jFtha briplostiuns 

5hlF4lni;;euw3rd a newehrmical stiilr aliiMisI cesiunly w-culd nquiie address- 
ing IFm pclillcil ubslKln. tti a shifi In $cnrernictenls nigDliturv appraKhes tu- 
xard Ihe chemkil Industry. This prubably requires crtalLcin and diffuskin af a 
new lEiHgjnuT. a new vision cfhnw ta aperMr a syisllKlk planel in kiirs thu 
da mx thieaten the healch ar envieacimental likegnly od Ibe nsluial planet. 

%[. It if br FriKn abvlnus how Ihe old enurbcliIncTeDainsuniiy and ils pyrein 
Ing menulmy cm be reformed nr revoluElooiaed {Anderson IVU^" 

'Ibis Is true pieily heciuse oF ibe mameniEjm prnblem. Irurnduced ahave. 
llhenunry arsd chemiol engineenng nuforf srsll dn nne SEudy nusch ibouE be- 
nign design, and chcenlsEry pnkitssnes lefi in iheir own aosnrds have non 
disiigcii cuencuL mioch. In ehi(; regard in ibe pasa decaik. Its prliiLi|iFa, accaed- 
liing agetkJiEdE cfuild ktrea a nsnu rqtlii jiace ciF curricular udapucUiik; m prac- 
Ikk, IfeiHCkvT, i.Hgaiii^rioiia. vikH Hs lbi Arirci|iiaiu.iii DiHirHl kir TiigiiKt-riuy 
ami Tndniuluvy lAFlFT) eplurikl Iradlikin irHirclIusri sltinellr'S fnmi il iAc- 
s.redllulkiii Fhaurtl fi>f hiiKincvrliiK miJ Tcvhntjkjiicr |WI: Amerkan AcyJviay 
oF EnvImnmenUl Engltscens I If prulesskinal litensiin! eitams fur cheml- 
cJ enf^eers ensphasizud emrironmeTiilal cutxiadeia Lions (whioh at FeasI in ihe 
L^S. Ihey hace [»IJ,.thecuTrktilum mtghl mone in IhnI direclion. Dr if large 
sunas wen aviilabt: Air in[Kn.'aLwns in hmign ctkemical cducatino. rccalcilTanl 
Facuhies might suddenjy bnd room, in Ibe nsrriculuen. Bui brown, chemistry s 

momemumeETniinssIrnngasEwiite'll'Ijiagbes l^b^iSbaudeniiMier lyBSiHu^es Ik 

1«I9). k 



87 


ISe ■ E. J WwxJhadse 

Thmi.vnr Ln»TmcT LalwmluiTScifnlbt nprfjMil biltcmcH Lhil tlir [!«- 
pulmmi of Enn^v killod hii- ronuc'h pnifect jflor fouir Tran -dn^ilo IIm Fact 
Ilut Ll va; on KhrduLt lodo nacOr vifut lird promiird. tdr EclL 'pnmjrtd hf 
D>OE lo nbtun in Juslj>' rending "but Cburd ifu busin^ssii hr Ibau^hd nndod 
IIk IrctuiDlo^ unintnoslfd. And: Ihos! doing poir apnn\f -at funding sau[o:i 
-njcfa ti' ilK Nzliooul kiencie foundjtkin nrnd iokMik doiino □□ grem t^iroi- 
iilry pjoppasili js 'toia applied." 'Soi«Kr pa litinsomnimrs arrcnon: impar- 
i^nt than uuno!,"a. praosiong loimluc iijU mr djuring. reuarch. ueinng a 
facial oscprMdLOJi iuggetimg thai socul sotenti:a wauld nor previout}}' have 
cintnaincd iMith a ilyiught. if loltfur knrvuab)}' ia a bunuD aaivlrp thin it 
twtuful nojnvoihivifubn, piitnioa.anilonlurci'innEivwtflalJudigineinra.ajtwl Ifiha 
'di£nfeAit]f catr imw± j^in ihai ’'jacIriMr ia lo.'i ittnpiH'urii ipba 

(f^ wiiiilil irLtk^Edii^iU^ii-iil ilwitliiihiilii«ilhiT 

f>i<rdirKiiti|i ll^i (ItH- lu itfr i? H fjiliiif (- ihc iH^ilnlilT tw iruEiiiH 

|ij"ilirmkal dciigit itK'rf ■uf Ihr rrfiiiiinf]f uprri. iwlitipnlii^f, and frank ntguHi- 
atKjn <ft dfmv^Tatk' polinit'^ CFicndoal vngirMmng e an inturmlljr pulitkal 
arlivitf. as is all ongirKtring. btoarrM il corlnKlTim- rrETfrlas' li»rj oF workm. 
ohomki] pluil ncighbars. or^niEwns ia thr arn'isonnMnt in^piolnl tinr- 
ardous utasl?; and plant omirnani. and thuar >>110 oum inlo oantiol with 
ohomki] pooduola f VikiHSiauK LHS). Arguahl^i’, IrohruKiEntiHo mouoh ar^ 
inEHt'atkin mw oiarciso gpvator iniluano: a^'ir ardLnirr ponplia li¥n thin 
didjonrnnxM Ln Ihtoronuirs whm donKfralio pnnL^InhrsI wcie being 
applied. If aov u tbirr nix ampFr joaaotn n aak v^Mthrj md haw h. >tiauld bs 
apprapriale to think, about drjnocrMioiziragilvi cadinoiphefie, inoludang that 
penuning tn lootLo-ieniu-hrnign checnit^ls iMunafoid I^Jd; Wlonri tV 7 T: 
^low 199-31. 

'Ihr oiir nlu9( jnruieiilng aitd jmpiaiuisn .r]ue:;iinni abcpui whrrber Ji^i an 
mIimi mrber [inncKiratk po-iaJiiiaiHiiL in artiing. acktuifit agriiibu atgiiibdf 

Oi'iiilil pt-iailik^'^ilHUrihiitii'iiit b-i d'^iii'K 4^llkarrr ill the Uic rwciEitfli 

itiMiirjf, bhiir irflfHirlniiil^ il (aiaCT^liittJi'insabiM wherv -dftfliWkrtHit pYrEtlKHl' 
miglit It stsd in Iht future hi -Jtixr Jti™ir difkimllv and ptitiaps belter ITialkr 
IWOi Cwxeni and W-Vwlbyufr IMSit Thw Inaunk' 1 tcntatmly lake hven 
1lnr green cbemwtry jIuiTf derha' in p*t1 frenn oiimmunplae^' urKlcraliendingj: 


Is 

k 


^^ry subetanlial dmugr lo cnvieqeimonti xocfcjrr^. and uirrs oF 
ehemienli crmllod fmin thr aolLons of ohenuFis and ebemienl engi- 
notn fin eolLaboraJtiurawithoilbin) in Ibe IwrerlLelb oenduT^- 
Many or most of Lbasr toehnioal peraontMl drtosrd leluively Eiltli 
aiLentiDD 1 d Lmeeiigplieg. puhlioiaing, or pra toning, agaion the r^iki 
□f thr ohenucal peiiKiuors they b:lp«d make availabir fnr oaiDmeror; 
Nor did moM KobnoioieeiiibufeekdiligeQily to licad aliejnaiLvr syn- 
ihrjii pdihMay^s ihai wuLild ptoduoa fewer wjiK hyprndueii of lower 
haurdi 
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Nvr tlid tr»?l -ElMiniFli -and (hrinkal ni^inmn Ttcfc Id (ur 

rroiimnrnJ. iralrtaOycuslmg^alltrnaliwr final aircnluclTthnl h^tuIiI 
Lakr l}iF placid ryf ctHinkaJ produKli- poing lirlf. 


KnnuHng whal u'e □Dxi'da’ ibaul thr powndial hi binJ^ diEmicals. «k cam 
infer Idix irunijr eni'iroi'niunicil and hajll}i pmblanu might ha/rbim ivnidjsd 
cir reduced irideniti:ls ind engjrteen had mc'irtilmareexpedilioudptoLmisi 
^le. do^p, and utiliae diiToient teduii^ia::. ^fVlut slofipcd thu from happen 
ing is pinlv ccinjeclure u ahk point, btn a few key poinii ate hud. to mias, 
sianicf wirh ibe fact ihai CMti chemiEia and chemical ettSineen wnrk dinecil^r 
or inebteerl}' Ear jndiuarv, aiad iheir caneefs depeikd on ihe eiicninuing. grarilwlll 
of cciiporine enecurAe^^ Itmh ihe gtui suceaaseA and ihe- htunble fadings cd' ibe 
pa» t^Hurji'} chefnltie^ -can heitaced w) |UJ:a »n i|u heiaiuanthlp. 

^i>iad, wc krkia iliar iinii^l^il} cherni^ rect^r-eWE ttf-ftilfe .tiih<j:irtiiH| 
d|i.u^ip::iii iKfir it>e*reh inid icMhitS' al'ht'viilh i>iAii.iii>lp iilfliieii(ir<1 
jciralllf l?]f Dltwr mirnitw^rj nf Ihdr lickli. Thij ixlpt in^tiliCr Ihcm fnnrn m- 
dur-oiernal inllucntyiCKtrl Imam tximpaniej PTHAiding. tcvuiilUng.t'milTatl] 
4nnd mnri.'h g.[anti. TIm aewfemk' frcerkimi alw parliallY InMalatei. Ihnm Irvm 
acctju.mlahilil'e fur 1 Iki !1 aspects of Ihcir “oii. that fiiru impact; otjliidc 1 Im 
u^i'eTil^ impKls itn the gtittial public and on Ihr biosplieTe. 

Third, m>rknot<1haL the iplil bni^^DicMnlifir and sccial scienceliumuii- 
iLes educitim jusl aboul asmrci IhaL masl suppuseeSf eduraled people will 
n« know moch abom cbemislry (or ocher Kicneef |. Most of tu Imnw next u 
nochiitg abouc iediLctian,aiidKian. methyl groups, ring opening polpnaeriia 
iiDO, or anything eke invnlved in chenucaj proceisef and pmdiacii. Nor do we 
know nauda about bloc hem is try and the new ciLaLyiiE-hawd chemistry com- 
ing. CO the foee. Ttui rnighi he all righir ef [here were puhbc iniereci aclemiME 
l•el:nuidtl'l(irlrcln lo represent UEtiMnpeientlp, with relevam enpeftltethu Ie 
nelailvel.y indcfteiteleeii from ecuh(id>ed dhjiies. and hleracohlcA innhin eaiin- 
aiccam shenwary lir^lf. Klee’-ea [Taih.ihe Hjwleocrnkiiiial Utireacefvari.llrirkh 

tiii.iiiT. fktv'trtpoKf, Mild iflluT iiiajia- rti’in.iiinice'lHl jm'i'l* liMEv wjiri? asiun- 
lifkally cumptltTil tlnff nwn+cna tif tuwrw, lad tiny arc evlatiiyly Unr hi 
inmiLicr — and dispeoiHirtkinalcly drawn Irumtikriugival ralhcrlhan clmnic'al 
Kiences. The wtirld ha; iHitbinf; appruathing the numl>fr of pubfk iiiterert 
Kimtidiihal Koultl be needed fur tiioipe1mllrcner*eingt he ^Torkofexperli 
emplored primarilv by bendness (faimack. ijid Vm Hippel I Wl). 

Fourth, parity bemuw of Ibe ahuve, we know thal oontempocary sotiebci 
do not bavc wiU dcsigjoed uhI fuByactioilurd uckl inicituljans For mojiitor- 
ing. chemistry andchenuciJ eirgineccimg. htor do mail nalloni baveutiiFK' 
lory bislijiuiiDct For Lnlerpteiipg and deliberaling about emeeging direcllons, 
or for cetiing painrities in a way ilut miegrate; broKl puhlsc cnraceniE with 
relevant evpenise. In dhe □.£., Fdtr eianipler ibe tJouse .lienee (.’jonsmiiilee, ibe 
appropfijtians suhcomenicieec, and orhef releivani lyinimit lines eurtise for 
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murr derlailKl and Hiphiitiiratfd icnjlinv Llian ivluL ii av-iflobh rn (h« Eritiilv 
DC FntKlt parliaiTKnts, InjI Cofi^KH nmrlhdsss dslrgpks ni[»t d«UHni 
ri'iiking rihfiiiin i:h±mKir|' and -dKotiiid enginHruig ilj ifK Nmirtnal ScKfyja 
Fimlldf lii^, tli^' >lnlii'iii!fl KttCvFvli Cj^uin^il. (irkl )■> itH' aiKl jy 

irclicirT. Thai mnicd likjg a bnc arran^vm^nt to ntjO!! ptMplii Cbr iiid!fI of Lhc 
past STyieral EiEficratiDas. bul tlir unwanlcd kgacy fnim bniwji <lMi¥iisLry raiHS 
uriniu qua^iictni iIhhti ahiuic -nf iltt- aiuhrtricy inaduiianally dategaied m 

Hikti ihciriAsliliFliF.inii 

NcillKr Kxial KimLiFla' ncr uthcr ubjfruTT irf Kimrc hnwr oflrreiJ pmr- 
traEinj.mnstrudnoe Ldtas for hdw 1f> uruigc- gmuinc' acnyunnidiilny for incn 
cuu and ici«Dlkfic iiuaicuilanE. liciciife fraud and re-Liud iiEUfi fkavt- drjMQ a 

f^iir Ai'iKniFfi 1^ fiHTiiioii. Itifdiiii. 10 liihit-r ^wliEiiiK. irtainidiOiiAl i^k-w 
N^a^l:!^ and olhKT [mimduraL ul^uardi (Vt’dli ct aL 200 1 ]. But IIk rrfurmrn 
nol Luually fddufdon subslanlivmscarctidiiiecciDiiE, Jnpul bcrauK it 
is widdy asEurifd charnnlp ibns^ vithin a tubfiald ar± in a e|(wuI poulkin in 
iod^ wIliE h lijfiiiS ffliW idiiiiSlii^liOil- 

|}ir;??[ii liiEinbtrY irair su^its IbiJI in wmr n3f>(iii insiilcn tanbf 
cxanly the if tHi^ ouiee to ecnltEl piintrlies, betauK they cm bt u^ddid bn ba- 
hiiudl lAnaya nf dning. iMn^ thai tuii thtfnsdt^et atui itMif henefatanr^ naime 
liian iJtfTi mtvi tin' im-^ibof huini*iiiiy.rfrKl [htctiitirtwii.Tlitbaeii idsifthtof 
pfuraJiit palitital Ihuu^t if that i[>;n'aijng(hi:divciMJIyol psilit'ipantsbrirtgs 
tn la^t impartanl coniidetabani that xie accidinlally nr wiBFulfy Dcglected 
idiaji decisinn-maUng Le cnDiinlled byibnEe with ihe gjieai±M nake in the «jl - 
(O0l<' (I'irXfNiliO ani) yyr.HXlhn|i(C I 00^: fl^lll 1 000], I Io 

Inliin^ Ibat Ihii principal iwuld nuO app4f tuvrknlilir institutiuns and tu Lh? 
nepitiMinns occurring t}iETein. 

Annilxf reascui ica mnunting EerinuE uiq^iuiry imn ihe pcuiihiJliiKS fnr 
hfCi^dTNiitorf I’lfHii (liTpi'NEiwi^o^KyfiiinK ilwdwiiiii lii^dKimiakltihm ihf 
pvndulum s^ecmi Id 'bf fwin^ing Idu- iti ibr dircdlcin uf‘‘'i;uop?TaCiuin'' 'willi 
indujlrr in many nuinns. 'Ca-Dplalinn" has iust about the sanM spelling, and. 
t fear, in some cafKS tht- j^nit meaning. I'ini' ought lo w iKrp when puMk: rrflU- 
*fr#t |!rihlh oft|(44, *0 J f<«<fcin8 4^ yt 404drtlHy wlyotljr, ([xaii 

uf^'lumiEng Kstart'bagL'ndiii'baavd hi industry nixdf.'^'lndiElrT -i- uniLiersity 
= new science and new p race ss.'^cmdrci nan ental imgirovccnent and ecHiumic 
gmwib ue nut in ciioflict,'^ and. m fnrtli. t am sure nlvt negntutioji citen 
ieidt^^ii^;biiEbllriiily reljrlaigon (mjlintw eiwiititifi aaul ihfireufiplivr'wi lo 
strie public purp>usts: doff nul bl with sum? ol our nmisL leliable undcisSand- 
i[>gE from econnnLcs and pcdilkal science cojicernJng mattel sbortenmipgs 
and the privileged poEitkin of huEinets iLindhlans 1077,30(11]. 

CandtJBitjn 

K Giten the inlierent mallrabdlitv ni syntlinic chcnaitals and Ihe myriadi par- 

Ic tiiUp conSiniog public and private purposiit lo which lbey can he put, one 
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mi^ht npirtf d hi|^ Irnds^F nMilnmnii' fiiMn 1h? miKt cd IHh <hFinir]l 
rr-Pi InslT-pdkthrTnvdrrn fhrmiL^I p|:ik hK-surnfmllvIitm cbariKlrriErid bra 
■JrpiTf iiiiira'tnPT. bv *rp htw pW-cpM^v ^'Edrf^lF^ 1^711, ThUvbini mrii- 
■tlglji' i* li<jk<l hK '1^ i^ltriK'LHiiiIr^irC'rSKh (iMT FUlLi]ul, Or.i|i||JI.V lO^k 

ai Wiiliurii luwi ["jaiiaI, Ciulf'^r hiIiI riili^ ^hc-niiLil- 

imlliaiit £^'e^l:iv [n llghi at wtiu !•£ CMh kni»^ ifKui Mtiwni tt»cun uul 
iu|>4£u 13^ $ii«n. chemtury, luihevi^j, u b<L«iriti jfipjrtTii ilui luiilKr 
[he firiMus -focnnweriie;! nix the qii>:i.4r. hujuKss-js-ujUjI rej^ulnicn of 
chmiicjl: jaujllybuve pQlKfii bencatlt ifie surface m pnublemjlbx rruhienxi 
j mulKular Init Tbi iirug^s rbormjlly ha¥E CDCJCKDed huu' dutjerous 
dnidn iii or hr'' miiTr p<Dpb: hu>^ been lurnxd — in uthr vrards. -siru^fts 
rriir mrdkJ and Kindifk knon^lrd;!: -ibml chmislTT-is asuiJ insleod ed 
t(?ir IIh chrenislJT^thK-m^dd-be TTh quntiurs rmely \f mrr idirf. ibe df- 
imiHnl rartly if r^mnniln ndnii^n (hemicTil wti'iliej feum HTaKli Ic be in- 
hfrerdlylTiiiKiv 

Citwvn iluc ihc iipiji,iriqjf nf ihe ehnuiiail iniliikirvi ^|nMic> r;iiii|iL Im« 
hcM [purjiiicd ijulid |Hi wjvf, rAdiLCilly teu pdune m cwMe lic-^lch 

and envIr-nneneonAJ rLkb;. Ic iib dd*r ut nujiciiqpdoi ilui ehene hi:: lurin a drdAmy, 
^iHvinAnibullsiii: queliiy ih she wiv)i ^vernnacnc r^flklikV'^nrkuunervPeiHk- 
er^. utd even env'jronnaeniit iolHieii jnerups luvt Lujgfty jecepuii wkucevec 
chemicjl enpinieecs and IlMir empJci|eu decided to afTeT Ibf' wif oi chemicjl 
syncheui potbuiys and products I Wuinn' I I [f naore people had 
kiwiai] nf Ibt polmluh of preen cbemislrr. 4he^' iiDutd ha^ been in i pasi- 
tiun tc feudh dorciHniter nuiulien to thuu diseemiinKEd bv indurirr end br 
the mainttream ehemistry community (Ew 19^1. hfnvinp ncl knovrn In 
qttnliuii Ibe mentalits' pu'^rnniK bfo^n [lKn>i?lry^ h'lvnf^Tr. ewm m'dron- 
enmhlislt' lpF>f born Ir^iJi^l into drbriir^elvTmKpl IKIiriiir? Hnihdn Ihr rrb- 
(i«f|y pifrriH' di^iiHxrt^: dq.d>Tr(d Ijt ibr irttKifiiiiMiii oitirtiiiiieiii'r Htrqhcenipsil 
pKicrl^. 

Wtuhfu. puhlk poJky criiLveniktnAlIp es i^tncelbed js. ervtAhiilitp frhiih poy- 
erniuent, ncergovetiuviettiAl ilecbtloiu iboui lechitalog^ kq lechtL^kigisci aiuI 
chetr knduscriil emplayerj; in bioe irjnsfeeoMd eTiej|daf life In. wan oinre 
prodttutKl llun an^nhu^gtivernmincs nnrmallyda. JntHn'jtlofa in contmuni. 
citian, trutspitrlalioit, nojnofictuiinp. houtehnld. and leuure Dedannlnpin 
Lead H fiindamnilal chanpes in che wiys pcuple spend their limei ntojiey. and 
altentiun. “InnnvatKins are similar to lepialuieie acts or poluical duurdinps that 
estaHisb a fnnaenoek FucpuMLc order that will endure over many peneralicina' 

^Winrter 25}. And just abonil rverjeiinr — from the rrjRsr^t tpoTurijjcrwna 
(ur fhoihnnitMh iitKlusIrr tu Ihr inoJ wltpubcn eaiiiiunmcnhli'l d riiira — hay 
Ixiiiphi irtkrihrlifiiwiii-clnTttisiTT Friirw«i.>rh.l»i|i.H.itiolMi the vhnytnad >Wr 
viu ilte lirrie Bn|HWcribhed ^^averrtiiig iiieiiiAliry. ]F i|iE:Eiin ibtrin^ucen^ ihe 
bi'uid, taift nllL biye th he ihiiikd dnr etcpen ciunfttufth^ lutr ut Inck Inn __ Js 
dveely turrnw of inquinnp and iblnkln^ k 
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Ga^ierjirTunb' iovakwl, CKUiotr- but dKiauu jod diemicjl 
jrguiblY were lb: pnmiry pclLcf uuJun Lo «lj1vlidiinf th: enundatorf miin 
miifiil]^ Wibo^! diifcuiM ai>d ifnrldvirw IraniFd haw dir nett of us ip^roodved 
aur rofes os imk vimmo, environnxnul oaivtas. cccisumcn, dicmisICY flU' 
difHS. id:n« ininulistit ^'anmcnl and loduslcy euculLvcs.Tbi 

rcsull uFtlK nuiT^w thinking i^'khincbimidri.'inddinniralcnginiKring ms Id 
hdp r«ni □''[uliiOfi.' an jrna^iKd cnnunucirly^ whnat^und inuginarj-' nri- 
cnMl around a siis^. Lmdulr linwcilnrsinn nfohnnisliT and di!i:mio]l pmd- 
ucts fAndsrsom l44j]L 

irdHmisliuidulfHr txp^rliiitsn pulicipMr nwra hc^fyi]l|'' in the Fulun 
in noaipcnvrnmfnnilCas will as ^nvirnnitiilal)jwlicF nuking nocDimal ravi- 
f»ns in tliF focial rriatkini' od tipiniu 'wimld b« rFquirpl (WaodbcuiF and 
b'iiuiaii ^00])'. A nn* scKioiFohnkit oonililujiiDa far a new dainaka] itabi 
vmild nc«d (a inanpr Ebr: 

■ MiiTrdifTmntLnkresli'Lonip7lLalx'>t]dE[iiutTalK prnmns: 

■ Ijrawin^ on muoh moro ddvriK HKiro» oT nparlim (□ uniiirsland 
IlMpaliintiiband pmbliinw 

■ h as lo Jisign nalion-ilali Kgulaloinr pnlKin and iMhcr rorUI 
nonns and pnKtkn iKut slTonglK'CixDunpf nnlvniity Kiinn anJ 
€iY^[y:rinf ^rullr tc vtrv substaiDial wti^ht irtiluir tcKhiiqiv 
KiiarcK%ODn Hill inland p^IrlirianinMntirTiU'ohrTnioal klmi and 
pnetkn hiphFrprulKtiL^ of nndronnMnt and biidlhr 

■ And thal evake rrani induilrY only ihw Lnnoralions in 4h« disign of 
nFH rTwIiouIrs thal arc btola^icalk' bcnaiTi- or 'clusr la M. 1nit1i in 
iFrmi-'Drmiiiufartun.'ngpTnxirHniiid in kmu-uF final producls: 

■ protecting iKe bodin of w^rlersi rrxisunKrs rapoKd lo 
eheniKai praducts. and' living ur^nismi in LlwiLikiiLiiiiTMnt. 

IF •T'nrrtep in Ibis pnrtesj was viohied e^ngi"trslr trr (hr bt'^wn them- 
irlrY of Ih* t>^'nlklh wnLury. menrar dic^iolitkinS' ninlj' wenr dur to a niailr 
inrvildtilf naivftc dbout ohemkafc thil wtii nobody i Fault. KoxritT. Tnanjr of 
1 Ih riofationi ''•tiv dwlo IIh etudkd indifTrrcTKeanKl t'>^n '••iHIful niidnt that 
is tspic-al oF dkn. nvikiniadrTiskini. ‘•nils imdniuair acoonntitdlilT — in this 
CKFi tlMnskai r:tfmliY7ii Chdr i.edviiitTil rmp4ortFS and xunlnKloni Ihrir allici 
in unimsilwT. md jjwirnmml onkiali pursuirt; warlinw suio™;? and pnste- 
linw etcuHinrit comiKlitiori 

Inasmuch as iJtf chrmit'al btatf cmerjgrd vLa n-t.tHnpIta.^itipvlilKMl pru- 
ciMi h)iT'»mT. i( mnT tx misfr insSnjcibr lo uw r*rr new rfiprn'istion oFchom- 
islrr a iHilirni isb to avkniswkdi^ Ihiw br haimanily huts teI lo (is m dtvc^inii. 
ihYWKisflr'lttkint-wiihiin udikh r:s|7vrlisT Functions. Ciliums iRn'irann.con- 
^imirrs n<jiiohsfcinc<. oliicalixv rncn'pia. in uma lists insktoiuile irainini^ — 

is lllc lisi Ilf' Fmton in ihr ■>Hrall acHial ciMartwIion ol <i.>fllrilnJii.:aT nrnliBCiuif 

ifi is hinUi ll nirr rvl tsc tw sironK low^lho' infppTvprwtrYhrfnifal |■>[MrlL^f 
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Hid pmirly d«vi(n<r\l iiritrrmnlinry in^tiLulivnK hivf cripfikrl pubilk untlcr- 
ilandin^ of cnr^rronmcnlal pruUtrrK and jnetu^lsd nal»n-ititF pndioc] 
fCJirerningdirniL^ianiQo^alLon ind npulatiaa. 

Llecauic ei^uitiMlfnt probk^nidE appiv uni£ degaiH cn firid aC 
lie, and b^caiuf sxpfrii uul iheir kfKihlfdg^ ckaims are impliiiiitd ui 
Ju^ al)i>iji i^iieiry ttuimn uilvkp, [he lyFe^all penffci ftC rfdedigpIng.^xperiiU' 
#fii wmCj 10- -A iTifrtiAl n^tU-^apl hiirtWfl il''llBCMii>l1. At ihipr-n-l^ii! si 
Lhr dt'iiitn ufbmign LtKmiL'ah jurrtKiS'ihrfrffcrrLlhcLasrufptcrthfnwjIrT 
mid brotirni Far rnutr imporlant if it htlpipui us dti 1Ik load to Chr datiriLin^ 
hud also inspiric^ destination of a riTilbalLon based moie fiiiTily na reasoned 
iiaquirpaDd lensible eitperiiTKniiadion, v^hfje knaiAledge is pliosd in Ibesir 
vice of wisdom miiire than in ibe CHnoe d the ejids favored bp nrenueth- 
Lencury hr^wn chenkioiYi 
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March 17, 2004 

The Honorable Sherwood Boehlert 
Chairman, Science Committee 
2320 Rayburn Office Building 
Washington, DC 20515 


Dear Congressman Boehlert: 

Thank you for the invitation to testify before the Committee on Science of the U.S. 
House of Representatives on March 17"'' for the hearing entitled H.R. 3970, the Green 
Chemistry Research and Development Act of 2004. In accordance with the Rules 
Governing Testimony, this letter serves as formal notice that I received no federal 
funding directly supporting the subject matter on which 1 testified, in the current fiscal 
year or either of the two proceeding fiscal years. 
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Discussion 

Chairman BOEHLERT. Thank you, Dr. Woodhouse, and thank you 
for those suggestions and the excellent testimony. I have got a sug- 
gestion for you. You tell a story exceptionally well. I would hope 
that you would consider doing some thoughtful op-ed pieces, be- 
cause part of the problem is that the public needs to be educated 
in this area. And some of the examples you gave are outstanding 
examples. And some op-ed pieces would, I think, get people’s atten- 
tion. So thank you very much for that testimony. 

The Chair will yield the Chair to the author of the legislation. 
Dr. Gingrey. I have to take leave for a few moments, and he will 
lead off with the questions, and then he will recognize Ms. John- 
son. 

Mr. Gingrey. [Presiding.] I thank the Chairman and I thank the 
witnesses for their testimony. 

Let me just start off the questioning, and this actually will be for 
all five of the panel members. Hopefully, you will want to comment. 
In what ways do you think that this bill, H.R. 3970, would accel- 
erate adoption of green chemistry in the private sector? And please 
describe the elements of the bill that you think will have the great- 
est effect. And we can start with Dr. Bement. 

Dr. Bement. One program at the National Science Foundation 
that, I think, has a great potential in that regard is our work in 
entrepreneurship and innovation — partnerships and innovation 
that link the private sectors with universities, and especially small 
start-ups, because this is an area that is evolving very, very rap- 
idly. There is a very broad, rich spectrum of research going on at 
universities right now that have potential economic, as well as en- 
vironmental, benefit. And what is needed right now is to compress 
the lead-time of getting some of these new concepts into the mar- 
ketplace. And I think that these types of partnership programs 
would be most useful. 

Mr. Gingrey. Dr. Gilman. 

Dr. Gilman. I actually think one of the benefits of funding re- 
search, as you have proposed, is the spillover that happens in 
places of education with doctoral and undergraduates being intro- 
duced to the field of research. I think as they find their way into 
industry, the folks who have an understanding and the knowledge 
about the use of these approaches, green engineering and green 
chemistry, make it easier for the private sector to adopt those ap- 
proaches. So I think that is an indirect benefit of what you are pro- 
posing to do with the legislation. 

Mr. Gingrey. Dr. Cue. 

Dr. Cue. I see three potential benefits to this legislation. First 
and foremost, I think it brings the Federal Government focus to 
green chemistry that has been too infrequent in the past. Like 
many in my generation, I went into science because our national 
leaders challenged us in the early — late 1950s to respond to the 
embarrassment of Sputnik. And I believe that a similar challenge 
to industry and to academics will generate the same response in 
green chemistry. Specifically, this is going to dramatically, I be- 
lieve, improve the situation with regard to students going into 
green chemistry and academia, because more money will be avail- 



95 


able to have that happen; more universities will have green chem- 
istry programs, and companies like mine will be hiring chemists, 
who, from day one, know about green chemistry and can practice 
green chemistry principles. 

I also believe this is an opportunity to better integrate govern- 
ment, industry, and academic activities around green chemistry. 

Mr. Gingrey. Thank you. 

And Mr. Bradfield. 

Mr. Bradfield. I would say that solid science is absolutely crit- 
ical to changing some of the economic and professional inertia that 
Dr. Woodhouse was speaking about before. We absolutely can not 
go forward without the kind of cooperative projects between the 
universities and industry that are going to provide that kind of sci- 
entific foundation. It also sends a signal to stakeholders that we 
have a concern in the case, the Federal Government, and the value 
of that can’t be underestimated. 

Mr. Gingrey. Thank you. 

And Dr. Woodhouse. 

Dr. Woodhouse. I like the part about expanding the education 
and training of undergraduate and graduate students. How to 
achieve that, however, is an interesting question. And one of the 
possibilities that I would recommend to you is to consider the possi- 
bility — whether or not there may be connections that Members of 
this committee have with Ford Foundation and other groups of that 
nature so that you could use your symbolic capital in a way that 
would greatly magnify the funding that you can otherwise provide 
so that university departments rarely turn down offers of funding. 
And yet without very substantial offers of that kind, I fear that 
chemistry and chemical engineering professors will not take the 
time and effort to retool their curricula. And so I would look for 
creative ways to leverage that don’t cost federal dollars. 

Mr. Gingrey. And if I could ask just a real quick follow-up before 
yielding to the Ranking Member, H.R. 3970 authorizes an inter- 
agency research and development program. And do you think that 
greater federal investment in green chemistry R&D would actually 
increase adoption of green chemistry by industry? Anyone? 

Mr. Bradfield. I would say absolutely. One of the things that 
we find today is we have to cast about — out in the marketplace, in 
cooperation with university partners, for grants in order to find the 
way to fund a lot of these things, which are — will underpin the ulti- 
mate green chemistry that finds its way into practical applications 
in industry. These are basic research projects that would have ap- 
plicability to a wide range of industries, and not necessarily to any 
particular industry or industry player, such as Shaw Industries. 
We believe that those are the kinds of things that should be done 
as a cooperative effort between academia and government and the 
industry. Anything over and beyond that, we, as individual compa- 
nies, should be willing to fund and invest in on our own. But it cre- 
ates a tremendous base of understanding in basic research. 

Mr. Gingrey. Thank you. 

Dr. Woodhouse. I see this as being not solely about formulas 
and tactics, but about being — regarding hearts and minds, vision, 
worldview. What is it that humanity ought to be aiming for? And 
so in that sense, it may be that the particular research that is cata- 
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lyzed is less significant than the signal that is sent regarding the 
importance. I believe there will be the beginnings of a trans-na- 
tional phase-out of many of the most toxic chemicals in the 21st 
century. We are not ready for that. We can get readier by some of 
the research that this will catalyze. So I think both the tangible 
and the intangible matter here a great deal. 

Mr. Gingrey. Thank you very much. 

And I see my time is expired, so at this point, I will yield to my 
friend from Tennessee, the Ranking Member, Mr. Gordon, for his 
question. Thank you. 

Mr. Gordon. Thank you. 

And this is a question for the panel at large. In addition to the 
benefits that this bill will provide, what other federal actions could 
be taken that would accelerate the adoption of green chemistry? 
We will just start at the — my left and work around. 

Dr. Bement. Yes. Thank you, Mr. Gordon. As you know, there 
is plenty of incentive these days to develop as much leverage of 
available research and development resources as is possible, espe- 
cially with tight budgets. The opportunities in research, especially 
in green chemistry, are far greater than the amount of resources. 
So we have been incentivized for several years in working closely 
with EPA, with the Department of Energy, and with NIST in try- 
ing to get more output, more outcome, for the amount of R&D 
investment 

Mr. Gordon. Okay, but what additional federal actions could we 
take? What would you recommend, additional actions beyond this 
bill that would accelerate the process? 

Dr. Bement. Quite frankly, I can’t really come up with anything 
highly creative other than 

Mr. Gordon. Okay. That is all right. 

Dr. Bement. — what is currently being done. 

Mr. Gordon. That is fine. Let us just work on down the Com- 
mittee and see if we do have some creativity here somewhere. Any- 
one else have any suggestions? Yes, sir. 

Dr. Cue. Within the pharmaceutical industry, one of the chal- 
lenges that we face in applying green chemistry solutions to exist- 
ing manufacturing processes is if we change the manufacturing 
process, we almost always change the purity profile of our product. 
That could require, in many cases, redoing expensive development 
studies in order to prove to the Food and Drug Administration that 
our products are safe. And that is an issue that I have no solution 
to addressing, but clearly, I believe, is something that we need to 
address, at least in the pharmaceutical industry, as we go forward. 
How do we act on these new scientific discoveries in a way that al- 
lows them to be incorporated without altering the quality of our 
products? 

Mr. Gordon. Yes, sir. Go ahead. 

Mr. Bradeield. Several things could help, from an industry 
point of view, and my — and in my view. Certainly tax credits are 
always welcome in trying to put new investment out there, which 
may or may not pay off. We take a tremendous risk when we put 
a couple hundred million dollars into a program for which we may 
actually get no return whatsoever. In the case of Shaw and 
EcoWorx™^ we got tremendous payback on that product. And the 
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public got good value. Federal purchasing, based on multiple envi- 
ronmental impacts versus single impacts, like recycled content, 
would be extremely helpful in helping to understand exactly what 
all of the impacts are of development, not simply a one-dimensional 
impact. 

And then, of course, one of the things that we see happening 
today is many people are rushing to put standards in place for en- 
vironmental programs, and yet we don’t know enough. We don’t 
have enough good science yet to do anything more than offer those 
as guidances. And so I think there is rush to judgment, in some 
ways, to put hard and fast standards in at the federal level. It 
needs to be mitigated a little bit by that caution of saying, “We 
may know tomorrow more than we know today. Let us take a slow 
approach here.” 

Dr. WOODHOUSE. In the nanotechnology legislation this com- 
mittee was largely responsible for, you had thoughtful consider- 
ation about public participation. And it seems to me that some- 
thing analogous to that could be beneficial in the green chemistry 
case. It is not as obvious, since it is a different phenomenon, how 
to go about it, but the environmental interest groups are not pay- 
ing the attention to green chemistry that they ought to. Journalists 
are not paying the attention to green chemistry that they ought to. 

Mr. Gordon. But that is not federal action; I am asking 

Dr. WooDHOUSE. I am 

Mr. Gordon. Okay. You will get there. 

Dr. WOODHOUSE. Yes. I hope so. The social scientists are not — 
very few social scientists have been — in history of science, for ex- 
ample, history of 20th century chemistry, is one of the least rep- 
resented fields. So one of the things I would consider catalyzing is 
additional social science attention and, more generally, social atten- 
tion to the phenomenon. And that is something that sometimes 
funding of the sort that is targeted set aside can assist with. So the 
ethical, legal, and social implications programs that go with some 
federal science bills, might be worth considering. 

Mr. Gordon. All right. Let me just, finally — let us assume that 
we have a consumer epiphany here in this country, and they go to 
the industries involved here and say, “We have just got to have,” 
you know, “green products. We just can’t live without them, and we 
are going to pay you more for them, and so please get them out 
on the market.” So that happens. But what happens so oftentimes 
then is that it is still going to be more expensive. Third-world coun- 
tries are going to say, you know, “You have made yours. You can 
afford to do this. We can’t, so we are not going to go forward.” So 
how do we deal with this on an international basis? Anybody have 
any suggestions? 

Mr. Bradfield. I think there are a couple of things that work 
there, Mr. Gordon. The third-world problem is, and it is a thorny 
one, as you well know as legislators. It has been said that be- 
tween — we would need between 4 and 4.7 planets the size of the 
Earth in order for everyone around the globe to enjoy the same 
level of standard of living that we do here in this country. And you 
can imagine what a tremendous drain that would be on the re- 
sources almost overnight. That would put us in a cataclysmic situa- 
tion. 
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What we have to do is be willing to share best practices and to 
transfer technology, in my opinion. We can not afford for other 
countries to go through the learning curve that we did in a cradle- 
to-grave economy. We must move in a cradle-to-cradle loop and be 
willing to share those loops and get those into other economies and 
get them beyond that paradigm much more quickly. 

Mr. Gordon. Thank you. 

Thank you, Mr. Chairman. 

Mr. Gingrey. Thank you, Mr. Gordon. 

And I will now recognize the physicist from Michigan, my good 
friend. Dr. Ehlers. 

Mr. Ehlers. Thank you, Mr. Chairman. It is — I am a physicist 
only because I had a few explosions in chemistry lab. No, not real- 
ly. But I have to say, when I was a student, the only green chem- 
istry I saw was the molds growing on some leftover samples that 
I neglected to get rid of 

I am very delighted with what is happening with green chem- 
istry. And I guess — it seems to me the question here is how can 
we accelerate the change. What are the factors here? 

And let me focus in on just one. I was very surprised to hear 
from Dr. Woodhouse the — not only that there is very little green 
chemistry taught, but that there seems to be opposition on the part 
of chemistry faculties to teaching green chemistry. Perhaps I 
shouldn’t be surprised. That bears out an adage that I always used 
to say to — or a saying that I propagated to my colleagues when I 
was a teacher, and that is that professors and teachers are, in a 
sense, bi-polar: they are the world’s most liberal people about other 
people’s affairs and most conservative about their own affairs. And 
so they are quite willing to change the world, but not willing to 
change their department or their courses. The — and then I spent 
my life trying to fight that tendency within myself, and didn’t al- 
ways succeed, so I am not being supercritical. But a question for 
each of you, other than Dr. Woodhouse, and that is what do you 
see as the status of green chemistry education in the U.S. today? 
Are chemistry students graduating with green chemistry skills and 
knowledge or not? 

And specifically for Dr. Cue and Mr. Bradfield, do your compa- 
nies typically have to train scientists in green chemistry when you 
hire them, or are you finding students on the market who do have 
green chemistry skills? 

And the final question is: does having green chemistry skills im- 
prove their marketability in the job place today? 

So we will just go down the line. We will go right to left this 
time. Mr. Bradfield. 

Mr. Bradeield. What we find is we hire a tremendous number 
of scientifically-based professionals: a lot of engineers, both chem- 
ical and mechanical, textile engineers, and so forth. We find that 
they come to us with a certain bias toward doing it the old way. 
There is definitely some retraining that has to go on in trying to 
change the way they think about some of the things that we are 
trying to achieve. I do believe that it is very hard to break down 
those barriers, but when you get them young and get them trained 
and indoctrinated into some of the things we want to do, and we 
find that they respond very quickly. 
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The biggest single hurdle, and the reason for my existence within 
the — our organization is simply because I am the guy that says, 
“We will not take no for an answer.” I am the guy who does not 
believe that it can not be done. When there are — seems to be so 
much scientific certainty, this says that it can not be done. And so 
it takes change agents. It takes problem-solvers. It takes people 
who believe that there is a way, if you only look hard enough. And 
what we have found is many of those same chemists and engineers, 
in the end, become believers once you show them that there are, 
indeed, ways to move forward. 

Mr. Ehlers. The irony is that I have always felt that scientists, 
intrinsically, should be change agents just because that is the na- 
ture of science. And it is shocking if students don’t see themselves 
that way. 

Dr. Cue. 

Dr. Cue. There is a saying that is very popular at Pfizer right 
now, and that is that “culture eats strategy for breakfast every day 
of the week.” And green chemistry is really a strategy so far, and 
I think what it needs to be is a cultural change. So I believe it is 
absolutely true that most chemists, trained in academics, don’t get 
enough exposure to green chemistry, nor do they really understand 
the difference between green chemistry and traditional chemistry. 

There are some very good schools in the United States that train 
chemists in green chemistry, and the programs on toxicology and 
environmental chemistry are increasing, but the pace has to in- 
crease, and the number of these schools has to increase. And I 
think industry has to be more active in going out and looking for 
students from these schools, as opposed to the tried and true 
schools, like Harvard, Yale, MIT in the Northeast, for example, the 
University of Michigan, other schools like that. 

I think the other issue that we confront is that most of the re- 
search happens — begins at the lab stage, and a laboratory chemist, 
by and large, just doesn’t appreciate, when they are handling very 
small quantities of material, what the impact of that looks like 
when we scale it up to commercial quantities. So there is kind of 
a view of, “Well, it is only a lab. How much can I — it is only a few 
hundred milliliters. It is only a pint of water. I am not generating 
that much waste.” So I think we need to do a better job of edu- 
cating the people in the laboratory, be it an industrial lab, be it an 
academic lab, be it a government lab. That lab-scale chemistry does 
count. And if it is successful, somebody is going to be using it in 
the commercial scale someday. 

We have found that we have had to create programs of our own 
to train our scientists in green chemistry, because we are not hav- 
ing them show up on day one. We are starting to see now a flow 
of chemists trained in green chemistry, so I predict that will 
change. After all, green chemistry has only been around for a dec- 
ade, and with any kind of a program, it takes about 10 years to 
start to get the yield in the investment. 

We are also working very hard — diligently with schools in our 
area — in our R&D site areas to bring students in to let them un- 
derstand what industrial chemistry looks like and how green chem- 
istry can positively impact that, so when they go back to the uni- 
versities, they can teach the faculties — tell the faculties, “Yes, in- 
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dustry is serious about this. They are anxious to see green chem- 
istry practiced. And we better get about the job of teaching it in 
academia.” 

Mr. Ehlers. Dr. Gilman. 

Dr. Gilman. One of the reasons we — one of the first steps we 
took in trying to reshape our focus on sustainability was to intro- 
duce the P3 Award, largely for engineering schools, but that in- 
cludes chemical engineering as well, was to begin to raise the level 
of awareness and interest. And I am very hopeful that next month 
we will be able to announce to you a collaborative effort we are 
doing to provide information on those schools, those graduate 
schools, that provide a focus in their curriculum on the sciences 
and technology associated with sustainability. So provide for inter- 
ested students and really bring to the attention of the university 
administrators that there is an interest, and just rack up for folks, 
on a side-by-side basis, what curricula and what universities hold 
for people interested in this direction. 

Mr. Ehlers. I am glad to hear that. 

Dr. Gingrey. Dr. Ehlers, if we could, and I thank you, I think 
a vote has been called, and I did want to have time to recognize 
your colleague from Michigan and the Subcommittee Chairman of 
Research, Mr. Nick Smith. 

Mr. Smith. Thank you very much. 

It seems to me that too often we sort of romance about the envi- 
ronmental benefits of regulations and other environmentally be- 
nign practices without regard to their impact on business and the 
economy. And so that is part of my question. That approach is 
short-sighted, especially in today’s globally competitive environ- 
ment, where even the most minor misguided regulation or require- 
ment can put us at an enormous competitive disadvantage. And so 
that balance and that knowledge, and therefore, that adequate re- 
search is so important, and I think maybe part of — how much a 
role can government play? How much a role does good information 
play in stimulating the kind of green chemistry advances that can 
end up, like you suggested, Mr. Bradfield, in terms of making us 
more competitive, rather than less competitive? And so that would 
be on my — one of my questions. 

And just to make a note of my second question, which is do we 
need better coordination between the four agencies that we are 
talking about to make sure that we are not overlapping, that we 
are not reinventing the wheel, and that we are working together 
in terms of the tax-dollar effort that government is playing. And I 
will stop there for a couple quick answers. 

Dr. Bement. 

Dr. Bement. Yes. And thank you, Mr. Smith. First of all, in an- 
swer to your first question, it is absolutely essential that we have 
a strong scientific basis for any regulations that we put out in this 
area. And if I can use my split personality, I see that as a role not 
only for the National Science Foundation, but also for the National 
Institute for Standards and Technology. NIST is very actively in- 
volved in developing the science base, and also the standards to 
support green chemistry in several dimensions. 
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With regard to your second question, of course there needs to he 
close interagency cooperation, and we need to build on the coopera- 
tion that currently exists. 

Mr. Smith. Any other comments? Mr. Bradfield. 

Mr. Bradfield. Yes. Just two quick comments. We see a tremen- 
dous need for interagency coordination; even within the same agen- 
cy sometimes, you can have conflicting rules that affect industry, 
one giving an incentive for green chemistry, the other, perhaps, 
giving you a disincentive for creating new materials. 

The other thing I would say here is as a manager at Shaw and 
Vice-President, I am constantly green chemistry and sustainability. 
I have to sell up. I have to sell down. I have to sell out. And in 
order for — to do that, I need all of the help I can get, and if the 
Federal Government would interest my most senior management 
with tax credits that they know are going to push them a little bit 
more in that direction, they would be more inclined to be accepting 
of these projects where they are putting dollars at risk, then I can 
get more done. 

Mr. Smith. Thank you. 

Dr. WOODHOUSE. I would like to pick up on your point about 
global competition and cut it the other way. It seems to me there 
is a danger of the U.S. losing out to the E.U. and other arenas. 
BASF and B.P., for example, have taken strategic choices to phase 
out chlorinated hydrocarbons, because they are worried about the 
long-term effect on their industry. Whether they phase them out 
over a decade, a generation, or a century, they haven’t said, so we 
don’t really know what is going on there. 

But conversely, some of the U.S. companies are actually moving 
into markets that the Europeans are vacating. That is worrisome 
to me. I hate to see the U.S. lag rather than lead. And I — just from 
a purely commercial point of view, given the long lead time that 
is involved with major chemical facilities, if U.S. companies are not 
taking an aggressive stance towards green chemistry, and if the 
world continues to move, as I predict it will, towards the phase-out 
of the toxic chemicals, we are going to be caught behind. So that 
is the 

Mr. Smith. So the bottom line — I mean, for lack of a better word, 
you — there is a golden mean on both ways 

Dr. WooDHOUSE. Absolutely. 

Mr. Smith. — that we need to work at, and hopefully it is going 
to be the green chemistry that is going to add for — add to our abil- 
ity to be competitive in the most environmentally positive way. 

Thank you, Mr. Chairman. 

Mr. Gingrey. We — thank you, Mr. Smith. 

We are rapidly running out of time, and I wanted to ask a quick 
question before we wrap up the hearing. And I am going to direct 
this mainly to Dr. Bement and Dr. Gilman. And actually, this is 
a two-part question. Do you think that the Nation might benefit 
from a more strategically focused, green chemistry R&D program? 
And are there adequate mechanisms by which agencies currently 
interact to determine strategies and priorities in green chemistry? 
Just quickly. Dr. Bement and Dr. Gilman. 

Dr. Bement. I think that the program that we have is balanced 
in that it balances individual investigator grants with center 
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grants. And the important thing about the center grants is that 
they also integrate public outreach, K through 12 outreach, and 
also curriculum development. So the program addresses a lot of the 
issues that have been raised during this hearing. 

I think those programs have a natural growth potential right 
now. There is a lot of growing interest in these areas. All of these 
programs are growing, and they are distributed around the coun- 
try, but obviously, it is something that needs to be nourished, nur- 
tured, and continued to be encouraged. 

Mr. Gingrey. And Dr. Gilman. 

Dr. Gilman. Our current extramural programs are well coordi- 
nated, I think, between the National Science Foundation and the 
EPA. To give it a more strategic focus, you probably need to bring 
to bear more agencies, and you probably need to bring to bear in- 
tramural work as well. EPA has both an intramural and an extra- 
mural research program. We have quite an extensive intramural 
program in pollution prevention and green chemistry. The effort is 
ongoing. As I said, we have a history of collaboration between agen- 
cies, especially on the extramural side. There are some efforts in 
the Office of Science & Technology Policy (OSTP) right now to try 
and make that a broader collaboration between agencies. Depart- 
ment of Energy, Department of Transportation, and the like. So we 
could do better at our coordination. We are trying to do better. And 
the levels of interaction are quite good, especially on the extra- 
mural side right now. 

Mr. Gingrey. Thank you. Dr. Gilman. 

And with that, we will wrap up this hearing. I want to thank all 
of the participants, each member of the panel. Dr. Bement, Dr. Gil- 
man, Dr. Cue, Mr. Bradfield, Dr. Woodhouse, for your testimony. 
Unfortunately, we have to rush to make a quick vote, as my col- 
leagues have already left, but I do thank you for your testimony, 
and of course, I really appreciate the unanimous support of H.R. 
3970. 

And with that, we will declare this hearing closed. 

Thank you all very much. 

[Whereupon, at 11:30 a.m., the Committee was adjourned.] 
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108th congress 
2d Session 


H. R. 3970 


To provide for the implementation of a Green Chemistry Research and 
Development Program, and for other purposes. 


IN THE HOUSE OP REPRESENTATRiES 

March Ifi, 2004 

Mr. Gingrey (for himself, M.s. Kddie Bernice Johnson of Texas, and Mr. 
Eulers) introduced the following bill, which was referred to the Com- 
mitte« on Science 


A BILL 

To provide for the implementation of a Green Chemistry 
Research and Development Program, and for other purposes. 

1 Be it enacted by th£ Senate and House of Representa- 

2 tines of the United States of Ame^nca in Congress assembled, 

3 SECTION 1. SHORT TITLE. 

4 This Act may be cited as the “Green Chemistry Re- 

5 search and Development Act of 2004”. 

6 SEC. 2. DEFINITIONS. 

7 In this Act— 

8 (1) the term “green chemistry” means chem- 

9 istry and chemical engineering to design chemical 
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2 

1 products and processes that reduce or eliminate the 

2 use or generation of hazardous substances; 

3 (2) the term “Interagency Working Group” 

4 means the interagency working group established 

5 under section 3(c); and 

6 (3) the term “Program” means the Green 

7 Chemistry Research and Development Progi’am de- 

8 scribed in section 3. 

9 SEC. 3. GREEN CHEMISTRY RESEARCH AND DEVELOPMENT 

10 PROGRAM. 

1 1 (a) In General. — The President shall establish a 

12 Green Chemistry Research and Development Program to 

13 promote and coordinate Federal green chemistry research, 

14 development, demonstration, education, and technology 

15 transfer activities. 

16 (b) Program ACTmTiES.— The activities of the Pro- 

17 gram shall be designed to — 

18 (1) provide sustained support for green chem- 

19 istry research, development, demonstration, edu- 

20 cation, and technology' transfer through — 

21 (A) merit-reviewed competitive grants to 

22 individual investigators and teams of investiga- 

23 tors, including, to the extent practicable, young 

24 investigators, for research and development; 
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1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 

23 

24 

25 


3 

(B) merit-reviewed competitive grants to 
fund collaborative university-industrj' research 
and development partnerships; 

(C) green chemistry' research, development, 
demonstration, and technology transfer con- 
ducted at Federal laboratories; and 

(D) to the extent practicable, encourage- 
ment of consideration of green chemistry in — 

(i) the conduct of Federal chemical 
science and engineering research and de- 
velopment: and 

(ii) the solicitation and evaluation of 
all proposals for chemical science and engi- 
neering research and development; 

(2) examine methods by which the Federal Gov- 
ernment can create incentives for consideration and 
use of green chemistry' processes and products; 

(3) facilitate the adoption of green chemistry' 
innovations; 

(4) expand education and training of under- 
graduate and graduate students in green chemistry 
science and engineering; 

(5) collect and disseminate information on 
green chemistry research, development, and tech- 
nology' transfer, including information on — 
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1 (A) incentives and impediments to develop- 

2 ment and commercialization; 

3 (B) accomplishments; 

4 (C) best practices; and 

5 (D) costs and benefits; and 

6 (6) provide venues for outreach and dissemina- 

7 tion of green chemistry.' advances such as sjanposia, 

8 forums, conferences, and written materials in col- 

9 laboration with, as appropriate, industry, academia, 

10 scientific and professional societies, and other rel- 

1 1 evant groups. 

12 (c) Interagency Working Group. — The President 

13 shall establish an Interagency Working Group, which shall 

14 include represcntath'es from the National Science Pounda- 

15 tion, the National Institute of Standards and Technology, 

16 the Department of Energ;^-, the Environmental Protection 

17 Agency, and any other agency that the President ma,y des- 

18 ignate. The Director of the National Scienc.e Foundation 

19 and the Assistant Administrator for Research and Devel- 

20 opmcnt of the Environmental Protection Agency shall 

21 serv-e as co-chairs of the Interagency Working Group. The 

22 Interagency Working Group shall oversee the planning, 

23 management, and coordination of the Program. The Inter- 

24 agency Working Group shall — 
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5 

1 (1) establish goals and priorities for the Pro- 

2 gram, to the extent practicable in consultation with 

3 green chemistry resea.rchers and potential end-users 

4 of green chemistry products and processes; and 

5 (2) prowde for interagency coordination, includ- 

6 ing budget coordination, of activities under the Pro- 

7 gram. 

8 (d) Report to Conoress.— N ot later than 2 years 

9 after the date of enactment of this Act, the Interagency 

10 Working Group shall transmit a report to the Committee 

1 1 on Science of the House of Representatives and the Com- 
! 2 mittee on Commerce, Science, and Transportation of the 

13 Senate. This report shall include — 

14 (1) a summary of federally funded green chem- 

15 istry research, development, demonstration, edu- 

16 cation, and technology tran.sfer activities, including 

17 the green chemistry budget for each of these activi- 

1 8 ties; and 

19 (2) an anatysis of the progress made toward 

20 achieving the goals and priorities for the Program, 

21 and recommendations for future program actiwties. 

22 SEC. 4. AUTHORIZATION OF APPROPRIATIONS. 

23 (a) National Scie.n!CE Foundation.— F rom sums 

24 otherwise authorized to be appropriated, there are author- 
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6 

1 ized to be appropriated to the National Science Founda- 

2 tion for carr^-ing out this Act — 

3 (1) $7,000,000 for fiscal year 2005; 

4 (2) $7,500,000 for fiscal year 2006; and 

5 (2) $8,000,000 for fiscal year 2007. 

6 (b) National Institute on Standards and 

7 Technology. — From sums otherwise authorized to be 

8 appropriated, there are authorized to be appropriated to 

9 the National Institute of Standards and Technology for 
1 0 carrying out this Act — 

(1) $5,000,000 for fiscal year 2005; 

12 (2) $5,500,000 for fiscal year 2006; and 

13 (3) $6,000,000 for fiscal year 2007. 

14 (c) Department of ENERoy. — From sums other- 

15 wise authorized to be appropriated, there are authorized 

16 to be appropriated to the Department of Energy' for car- 

17 tying out this Act — 

18 (1) $7,000,000 for fiscal year 2005; 

19 (2) $7,500,000 for fiscal year 2006; and 

20 (3) $8,000,000 for fiscal year 2007. 

21 (d) EmTRONMENT.\L PROTECTION AGENCY.— From 

22 sums otherwise authorized to he appropriated, there are 

23 authorized to be appropriated to the En-vironmental Pro- 

24 lection Agency for carrying out this Act — 

25 (1) $7,000,000 for fiscal year 2005; 
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1 (2) $7,500,000 for fiscal year 2006; and 

2 (3) $8,000,000 for fiscal year 2007. 

O 
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Statement by Arden Bement on the National Institute of Standards and 
Technology’s Green Chemistry Activities 

NIST’s Measurements and Standards Are Key Enablers for 

Green Chemistry 

NIST provides the measurements and standards that are essential for — develop- 
ment of green products and processes; industries to accurately assess their compli- 
ance with regulations; government agencies to ensure that environmental regula- 
tions are tenable and supportable by science based measurements. 

NIST works directly with industry, government agencies and consensus standards 
organizations to facilitate the development of scientific measurement methods and 
standards that enable manufacturers test new products unequivocally for regulatory 
requirements. NIST is involved in advancing new technology development — in areas 
of energy such as fuel cells, in methods to minimize chemical waste and computa- 
tional tools for assessing chemical efficiency of processes and life-cycle of products. 

Examples of Impact of NIST’s Research in Green Chemistry: 

• Green Solvents Processing: NIST is making key property measurements 
and creating a web-accessible database on the properties of “green” solvents. 
Properties include measures of chemical stability, solubility, etc. for potential 
replacement candidates for environmentally hazardous chlorinated solvents; 
edible oils as alternative solvents for agricultural product preprocessing and 
stabilization; and studying ionic liquids as a class of solvents with good poten- 
tial for “green processing.” 

• Lead-Free Solder for Semiconductors: The microelectronics industry esti- 
mates that the transition to lead-free solders in semiconductors is at least an 
order of magnitude more difficult than the elimination of chloroflurocarbons 
(CFCs). NIST research on materials and standards allowed for much faster 
implementation of processes leading to new lead-free products. Since the U.S. 
is transitioning to the relatively expensive but non-toxic lead-free solder, it 
is in the U.S.’s interest to promote lead-free solder standards internationally. 

• Fuel Cells Development: NIST is developing a test protocol for residential 
fuel-cell systems, covering issues of efficiency, performance, and compatibility 
with the power grid for interconnection. The NIST Center for Neutron Re- 
search, the Nation’s premier experimental neutron facility, utilizes neutron 
beams to image electrochemical processes inside fuel cells attracting the at- 
tention of major hydrogen fuel cell manufacturers. 

• Green Buildings Design: NIST developed the BEES (Building for Environ- 
mental and Economic Sustainability) software, designed to explicitly help the 
construction industry select “green” building products that are cost-effective 
over their life-cycle. BEES measures environmental/health performance 
across all stages in the life of a product. 

• Alternative Refrigerants: NIST enabled the transition from ozone-depleting 
CFCs to alternate refrigerants by providing a database of refrigeration prop- 
erties of potential candidates. The database has been applied to problems of 
mixed refrigerant gases, and the mixtures of substances found in natural gas. 
It can potentially be extended for mixtures more typically found in fuel cell 
systems, and in hydrogen pipeline systems, especially converted natural gas 
pipelines. An economic assessment of this database (to provide U.S. industry 
with materials properties data, which enabled refrigerant and equipment 
manufacturers to comply with international agreements to phase out use of 
ozone-depleting chloroflurocarbons) indicated a benefit-cost ratio of 97 to 1.’" 

• Standard Reference Materials for Sulphur in Fossil Fuel: NIST pro- 
duces a variety of well characterized materials known as Standard Reference 
Materials (SRM). The Sulphur SRMs are used to accurately determine the 
amount of unwanted Sulphur in fossil fuels. This is an area where large eco- 
nomic benefits can be expected from highly accurate measurements. An eco- 
nomic analysis of this program (to provide standard reference materials for 
measurement methods and validation, quality control, and instrument cali- 
bration needed by U.S. fossil fuel industries to reduce sulfur dioxide emis- 
sions) indicated a benefit-cost ratio of 113 to 1.* 

• Regulated Materials Data Exchange Standards: NIST is coordinating the 
revision of the Interconnecting and Packaging Electronic Circuits (IPC) Prod- 
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uct Data eXchange (PDX) standards to include required materials declaration 
information. These standards are used for thousands of transactions monthly, 
and the revision under development will carry information such as the per- 
cent content of regulated materials, such as lead, mercury, cadmium, and 
hexavalent chromium. 

*http:l / www.nist.gov / director ! planning ! strategicplanning.htm 
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Additional Testimony in Support of 

H.R. 3970, GREEN CHEMISTRY RESEARCH AND 
DEVELOPMENT ACT OF 2004 

De. J. Michael Fitzpatrick 
President and Chief Operating Officer 
Rohm and Haas Company 

Chairman Boehlert, Ranking Member Gordon, and Members of the Committee — 
thank you for inviting me to provide comments about the proposed Green Chemistry 
Research and Development Act of 2004. This legislation is a tremendous step for- 
ward in encouraging and advancing the continued discovery of green and sustain- 
able technologies. Although a conflict prevented me from testifying in person at the 
hearing on March 17, my company feels strongly about this subject, and I plan to 
visit as many Committee Members as I can before the markup period closes to fur- 
ther discuss the benefits of this legislation. 

I am the President and Chief Operating Officer of Rohm and Haas Company, one 
of the world’s largest manufacturers of specialty chemicals. For nearly 100 years, 
our company has been in the business of discovering, developing, and manufacturing 
innovative materials that find their way into a wide range of major markets. Yet, 
most consumers have never heard of us because nearly ever 3 dhing we invent is used 
by other industries to make their products better, faster, stronger, and in many 
cases, more environmentally friendly. With perhaps the exception of Plexiglas®, 
which Rohm and Haas invented in the 1930s, and the Morton Salt brand, which 
we acquired in 1999, our products have gone largely unnoticed by the general pub- 
lic. Still, Rohm and Haas technology touches our lives in one way or another every 
day. 

We are the world’s largest manufacturer of acrylic monomer, and we pioneered 
the use of waterborne acrylic polymers in all kinds of coatings, from house and road- 
marking paints to water-based varnishes and paper coatings. We’re a leader in de- 
veloping environmentally friendly powder coatings that can replace alternatives 
based on solvent technology, and we offer a line of advanced, water-based auto- 
motive coatings designed especially for interior and exterior plastic parts in auto- 
mobiles — a technology that gives car designers the ability to use more high perform- 
ance plastics in their designs, thus lowering vehicle weight and increasing fuel effi- 
ciency. Recently, we introduced a new line of waterborne acrylic emulsion polymers 
that can replace formaldehyde in household insulation. 

Our process chemicals can be found in a wide range of applications, from unique 
ion exchange resins that purify everything from water to new classes of pharma- 
ceuticals, to biocides that control the growth of harmful bacteria in personal care 
products. 

Our research and development in electronic materials is world class, with a broad 
set of products used by top semiconductor manufacturers worldwide. Our photoresist 
chemicals are used to replicate minute circuitry patterns on silicon wafers, and our 
planarization technology polishes these wafers to a mirror finish, a critical step in 
smaller and more powerful semiconductors. Our “embedded” circuit board tech- 
nology places resistors and capacitors within a circuit board instead of on top of it, 
enabling smaller and smaller cell phones, PDAs, and other portable electronic de- 
vices. 

Many of Rohm and Haas’s water-based adhesives continue to find use in hundreds 
of applications, from caulks and sealants, to construction adhesives and laminates. 
Our new cold seal technology is used in food packaging, where traditional heat seal- 
ing would be undesirable. 

Our company employs more than 17,000 people and recorded over $6.4 hillion in 
sales last year. We operate more than 100 research and manufacturing facilities in 
25 countries. Our headquarters is located on historic Independence Mall in Philadel- 
phia, Pennsylvania, just a few blocks away from our original offices established in 
1909 by founders Otto Rohm and Otto Haas. And while we have changed, adapted, 
and of course grown since those early years, we retain a strong and unambiguous 
thread to the values that our founders imparted on the organization: concern for our 
employees, the neighbors where we operate, and our customers. We strive to ensure 
Rohm and Haas operations and products meet the needs of the present global com- 
munity without compromising the needs of future generations. At Rohm and Haas, 
we work hard to integrate economic growth, environmental protection, and social re- 
sponsibility as important considerations in our business decisions. 
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I joined Rohm and Haas in 1975 as a senior scientist following my two years as 
a National Institutes of Health postdoctoral fellow at Harvard University. My first 
five years were spent in the laboratory, developing new agricultural products at our 
company’s main research campus in Spring House, Pennsylvania, about 20 miles 
outside of Philadelphia. Although my career took a turn toward marketing and busi- 
ness following that initial assignment, I have always had a passion for the cre- 
ativity, the excitement and the spirit of innovation. To take an idea, research it, and 
develop it into a product from basic chemical building blocks — a product with unique 
and sometimes amazing properties — and to see that product improve life, or en- 
hance the broader society in some way, is the joy of every industrial chemist. 

I returned to my technology roots in 1993 as Director of Research for Rohm and 
Haas. Although I never made it back into the lab, I nonetheless retain a strong rela- 
tionship to the technology and research side of our industry. I understand the daily 
challenges facing researchers: the demands for greater research efficiency, the re- 
quirements that an innovation meet multiple safety, efficacy, risk, and environ- 
mental expectations, and that it’s marketable at a fair price with sustainable re- 
turns. 

It is because of my unique career history and my passion for this subject that I 
feel especially honored to comment on the benefits of the Green Chemistry Research 
and Development Act of 2004. In fact, I have been an active and vocal advocate for 
green and sustainable chemistry for nearly 20 years. I am a board member of the 
Green Chemistry Institute, and have authored and presented numerous papers and 
presentations on green and sustainable chemistry in a variety of publications and 
venues around the world. I am proud to work for a company that has been recog- 
nized for its research and development of environmentally friendly, game changing 
technologies, some of which have completely altered the landscape in certain mar- 
kets. 

Since the early 1990s, Rohm and Haas has been recognized for its “green” tech- 
nology by the World Environment Center, the U.S. Environmental Protection Agen- 
cy (EPA), and the U.S. Department of Energy (DOE), to name a few. We were the 
first company to be honored with two Presidential Green Chemistry Challenge 
Awards, the first for a novel pesticide that mimics a hormone in a particularly de- 
structive caterpillar, causing it to stop feeding, and eventually starving to death. 
Best of all, the pesticide has no ill effects on other beneficial insects. We were recog- 
nized again for our family of Sea-Nine® antifouling biocides, which replaced other 
products containing tri-butyl tin. Sea-Nine® safely keeps barnacles and other sea 
creatures from attaching themselves to ship hulls. A smooth hull means less drag, 
which translates into huge fuel savings over thousands of nautical miles. 

Rohm and Haas was practicing green chemistry before anyone thought to label 
such an endeavor when, in the 1960s, we were the first company to introduce water- 
based acrylic polymers used as binders in house paint. Alkyds and other solvent- 
based paints — with their high VOC emissions and difficulty to apply and clean-up — 
were the predominant paint technology at the time. Despite a slow beginning and 
initial resistance, our researchers remained committed to bringing not only an envi- 
ronmentally friendly alternative to the paint industry, but an alternative that actu- 
ally performed significantly better than the solvent and oil-based technologies. Our 
perseverance paid off and helped spark the birth of modern acrylic latex paints. 
Today, 85 percent of paints, stains, and primers purchased by home owners (the Do- 
It-Yourself market) use waterborne technology. 

Although this technology recently celebrated its 50th anniversary, we continue to 
build and improve upon our acrylic platform. We expect to soon begin work on new 
low VOC coatings using sustainable chemistries, exciting research I’ll describe in 
more detail shortly. 

During the past 15 years, Rohm and Haas Company has joined, has been a signa- 
tory to, or has reaffirmed its support of numerous voluntary programs, including: 
era’s 33/50 emissions reduction program, the International Chamber of Commerce 
charter on Sustainable Development, the Pew Center on Global Climate Change 
Business Environmental Leadership Council, the Executive Council of the World 
Business Council for Sustainable Development, the U.S. Department of Energy’s In- 
dustries of the Future Allied Partner program, and the U.S. Council on Sustainable 
Development. We have held various symposiums for our employees, including a two- 
day “Innovating for Sustainability” conference for company researchers. This event 
presented some of the latest green innovations from a broad spectrum of experts, 
including Wolfgang Holderich and Malcolm Willis, widely recognized as the authors 
of green chemistry. 

Our company’s commitment to green and sustainable chemistry begins with its 
leadership. In 2002, our Board of Directors renamed the Corporate Responsibility 
and Environment, Health, and Safety Committee to the Committee on Sustainable 



115 


Development, and adopted a new charter for its work. This move has helped us fur- 
ther integrate the principles of green chemistry throughout our company. 

Collaboration is Key 

During the last several years, environmental, social, and economic forces have 
transformed green and sustainable chemistry from merely a secondary consideration 
into a core objective of nearly every responsible company in nearly every industry. 
Today, before a new chemical compound is synthesized or a new product is designed, 
chemists and engineers step back to look holistically at the short- and long-range 
impact of their innovations. They question the type of raw materials used. They as- 
sess whether safer alternatives are available. They investigate novel manufacturing 
methods, and look for ways to reduce or eliminate dangerous byproducts. They con- 
sider inherent risks of the new product — risks to workers, communities, and end 
users — and how they can be mitigated or completely avoided. 

Although you will find these activities underway daily in Rohm and Haas labs 
and production plants around the world — and in the labs and plants of other respon- 
sible companies — it is by no means easy. Significant resources are required to de- 
velop, analyze, and test alternative raw materials or brand new chemistries. This 
can lead to the study of thousands of different compounds and formulations. When 
a promising material is identified, a fresh round of analysis begins to ensure it 
meets strict environmental, risk, economic, and performance expectations. To do this 
successfully, I believe industrial research initiatives must turn to broad collabora- 
tion with multiple external partners. 

Innovations that incorporate green chemistry will emerge and develop far more 
quickly when industry works together with government, academia, and even non- 
governmental organizations (NGOs, such as environmental or consumer groups) to 
address common goals. In recent years, we have seen many tremendous examples 
of two or more of these groups joining forces to develop commercially successful 
green step-out innovations. The collaboration has paid off handsomely for my indus- 
try, for the industries we serve, and certainly for society as a whole. Let me offer 
a few examples. 

The automotive industry may be one of the most visible stories today that illus- 
trates my point. Within the last three to five years, we have witnessed dramatic 
changes in new sources of fuels and alternative propulsion methods — many still 
under development, but some commercialized and in use today. As governments 
around the world raise fuel economy standards in an attempt to curb greenhouse 
gasses, some of the largest automobile companies are rolling out cars that can 
achieve two or three times the fuel efficiency versus cars operating with traditional 
internal combustion engines. Today, so-called hybrid vehicles appear to be catching 
on with automakers and consumers alike. While these ultra efficient automobiles 
have gained momentum — to a certain degree from pressure from NGOs and govern- 
ments — industry has clearly benefited from multiple government funding sources 
that have encouraged step-out scientific research on cleaner burning, more efficient 
modes of transportation. 

Today, Toyota and Honda are selling tens of thousands of these hybrids, which 
use a large battery recharged by a smaller-than-normal gas engine and by collecting 
energy when the brakes are applied. The electric motor assists the vehicle during 
heavy acceleration or at very slow speeds, depending on the technology. By mid-dec- 
ade, Japanese automakers plan to sell hundreds of thousands of hybrid cars. Amer- 
ican car manufacturers are a step or two behind their Japanese counterparts, but 
are also working on this technology. 

Many believe this represents the beginning of large scale changes in the auto- 
motive industry, the first significant change since a gasoline-powered Oldsmobile 
gained popularity in 1903, making steam-powered vehicles obsolete. And for the 
chemical industry, this change represents both opportunities and challenges. Funda- 
mental shifts in automotive technologies spell changes for our product offerings. 
New advanced control and electronic systems, lighter and stronger materials, and 
new paint and coating technologies that adhere to and protect composite parts, are 
just a few of the opportunities where advanced green chemistry can play a role. At 
Rohm and Haas, in collaboration with our JV partner, Nippon Paint, we continue 
to develop advanced, environmentally friendly waterborne coatings that protect 
plastic auto parts. These coatings are critically important as plastic parts become 
thinner and lighter. 

We are aggressively working on a new generation of automotive coatings that use 
our dry powder technology, virtually eliminating all volatile organic compounds. 
This illustrates how opportunities can be uncovered at the interface of seemingly 
unrelated entities: in this example, we have ever increasing laws calling for more 
efficient automobiles, we have manufacturers meeting their efficiency goals by using 
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lighter, stronger plastic in cars, and we have our water-based coating technology 
that eliminates harmful solvents and provides superior protection to plastic parts. 

Another challenge for the automotive industry is to ensure that chemistries meet 
recyclability guidelines, since many regulations today, particularly throughout Eu- 
rope, require automobile components to be recycled or reusable. In a wonderful ex- 
ample of collaboration. The Dow Chemical Company and Mitsui Chemicals met this 
challenge head-on when they agreed to jointly develop a new block copolymer fea- 
turing properties of two resins that will make stronger car bumpers. Not only will 
these high-strength bumpers require less resin to manufacture, but if this new prod- 
uct takes the place of traditional metal parts, it will help reduce a car’s overall 
weight, which of course translates into better fuel economy. Best yet, this new resin 
can be recycled as an adhesive to hold other plastic parts together. 

As I am sure Members of this committee are well aware, hybrid vehicles are just 
the first step in a giant leap toward even more impressive green and sustainable 
technology. Fuel cells that use hydrogen and oxygen to create electric power have 
received widespread attention in the media, and for good reason. Generating only 
heat and water as its byproduct, this technology is seen by governments around 
world (including our own), by NGOs, and by many others as a potential number- 
one breakthrough in transportation power. Companies, universities, and private lab- 
oratories are working on fuel cell technology, and through grants and incentive pro- 
grams, governments are collaborating with industry to see this technology come to 
fruition. I understand that General Motors has 600 researchers working on fuel cell 
technology, in the U.S. and Germany, and has worked with Germany’s top safety in- 
stitute, TUV, to ensure their system meets strict European standards. This is an- 
other example where industry and government or quasi-government agencies, work- 
ing together, are bringing sustainable technology from the lab bench to the con- 
sumer. 

Closer to the chemical industry, one doesn’t have to look very far to find examples 
of where we can work closely with the government on green and sustainable tech- 
nologies. The DOE launched a program to help fund companies conducting biomass 
research and development for the production of sustainable products. At Rohm and 
Haas, we were pleased when the DOE enacted its Allied Partner program, which 
offers not only funding opportunities for new technologies, but also access to DOE 
research and data. 

Success stories are not limited to collaboration between government and industry. 
There are tremendous examples of industry, government, and academic groups pool- 
ing their collective know-how to deliver stellar technology with a promising future. 
A consortium of Deere & Company, Diversa, duPont, Michigan State University, 
and the National Renewable Energy Laboratory received nearly $20 million from 
the DOE to develop a “bio refinery” that produces ethanol and other chemicals de- 
rived from corn. 

There are many more example of broad collaboration outside the United States. 
Italy’s National inter-university consortium of chemistry for the environment in 
Venice launched an annual recognition program for contributions to clean chemical 
processes. In Melbourne, the Royal Australian Chemical Institute has held its Green 
Chemistry Challenge Award since 1999. And in the United Kingdom, the Royal So- 
ciety of Chemistry in London launched the Green Chemistry Network. 
Headquartered at the University of York, the 600-member network helps chemical 
companies and scientists share best practices, promotes the sharing of green tech- 
nologies, and offers data supporting the cost benefits of green science. 

In another notable example of green chemistry collaboration in England, chem- 
istry professors looking for the right connections with industry can turn to the Crys- 
tal Faraday Partnership, a virtual green chemistry center. Jointly developed by the 
Royal Society of Chemistry, the Chemical Industries Association in London, and the 
Institution of Chemical Engineers, this group is a collaborative conduit, linking the 
creative spirit and technical expertise of pure researchers with the financial support 
and manufacturing resources of a corporation. In one example I often cite, the Not- 
tingham University chemistry department developed a series of unique supercritical 
fluid reactions, and through the Crystal Faraday Partnership, collaborated with fine 
chemicals firm Thomas Swan to use these reactions in a variety of processes. The 
new technology replaces conventional solvents with inert supercritical fluids in key 
processes, leading to reduced or eliminated wastes and undesirable byproducts. 

Would Thomas Swan use this new technology today if the collaborative commu- 
nity established by the Royal Society of Chemistry did not exist? Perhaps. But there 
is no denying that the Crystal Faraday Partnership and similar organizations that 
support and encourage cooperation — often across disparate groups — is a crucial tool 
and proven commodity that helps speed the pace of green innovation at companies 
around the world. 
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Before moving on, let me touch on another group — the non governmental organi- 
zations, or NGOs — that has collaborated with industry to develop green chemistry. 

Admittedly, the image of these two very different entities holding hands and 
working toward a common goal is not one to which we’re accustomed. Suffice it so 
say that industry and many environmental and consumer groups have not in the 
past seen eye to eye. Nevertheless, that is beginning to change — slowly, cautiously — 
but progress can be seen if you look hard enough. 

Nineteen eighty-seven was the year some say we first saw a glimpse of coopera- 
tion between industry and environmental groups, at least as it relates to sustain- 
ability. That’s the year the United Nations published its report, “Our Common Fu- 
ture,” in which the most frequently quoted definition of sustainable development is 
still cited today. It reads: 

“Development that meets the needs of the present without compromising the 
ability of future generations to meet their own needs.” 

This statement marked the recognition by environmental groups that economic 
growth and development were necessary to meet the needs of the world’s expanding 
population. It also signaled the philosophical acceptance by industry that growth 
must be accomplished in a way that meets the needs of today’s society AND pre- 
serves natural resources and the environment for future generations. 

Examples of close working relationships between companies and environmental 
groups are hard to come by, to be certain. But when these groups join forces, the 
results can be impressive. For example, in the late 1990s, the World Wildlife Fund 
and Unilever joined forces to start the Marine Stewardship Council. Now an inde- 
pendent non-profit organization, this council offered one of the first “eco-labels” to 
identify fish certified to come from an environmentally sustainable catch. This was 
a perfect match for Unilever, considering that its Bestfoods division manufactures 
fish sticks and other frozen seafood products. 

There are literally hundreds of opportunities for chemical companies to accelerate 
our pace toward Green and Sustainable Chemistry through powerful collaboration 
and partnerships. Is it easy? No. . .it takes work, extra effort, and relationship 
building. And let’s be honest — companies that develop new and successful tech- 
nologies may be inclined to use it as competitive advantage rather than share it 
with competitors. That’s a risk/benefit balance that responsible companies must 
weigh at some point. One thing is certain, however: The speed in which today’s mar- 
ket demands new chemistries, better processes, and greener products is accel- 
erating. Bringing green chemistry out of the labs and into the marketplace faster 
will require the kind of collaboration I have just described. And it will require fund- 
ing and support. 

“The Green Chemistry Researeh and Development Aet of 2004” Will Help 
Aceelerate Paee of Green and Sustainable Innovation 

Many of the examples I described included one form or another of government or 
quasi-government agency support, either through funding, access to National Labs’ 
data, or assistance in knowledge transfer. The role of collaborative support in green 
and sustainable chemistry research cannot be understated. 

As I am sure Committee Members are well aware, the $460 billion chemical in- 
dustry, a key element to our nation’s economy that accounts for 10 cents out of 
every dollar in U.S. exports, is coping with an unprecedented energy crisis. Volatile, 
runaway natural gas prices have steadily eroded our ability to compete in an indus- 
try that continues to see an influx of very competent, competitive chemical manufac- 
tures from Europe, Asia, and the Middle East. Current natural gas prices have 
turned U.S. chemical manufactures into the world’s high cost producer. This in turn 
has had a profound impact on our profitability, and subsequently, our capacity to 
raise (or even maintain) expensive R&D budgets. 

Although chemical companies invest more in research and development than any 
other business sector, there are disturbing signs that this trend is slipping. In a re- 
cent survey conducted by Chemical and Engineering News, a respected industry 
publication, only seven out of 17 companies surveyed expected to increase their 
R&D spending in 2004. Six plan no increases, while four plan cutbacks in their 
R&D budget. According to the survey, 2004 R&D as a percent of sales — a widely 
used barometer to indicate a company’s relative commitment to research, will fall 
to an estimated decade low of 3.2 percent. This is considerably below the decade 
high of five percent in 1994 and two tenths of a percent less compared to last year’s 
average. 

The upshot? External funding for green chemistry — no matter the size and the 
source — cannot come at a better time for an industry that is grappling with histori- 
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cally high energy and raw material prices, squeezed margins, and fierce competition 
from companies outside of our boarders. 

At Rohm and Haas, we recognized the need to bolster our collaborative skills and 
external funding capabilities about two years ago. We conducted a day-long work- 
shop with our top research leaders to teach them about the skill, and the art, of 
finding external collaborative partners. Emerging from that seminar was the cre- 
ation of our Technology Partnerships group, which assists our scientists with match- 
ing their projects with potential external funding opportunities. This effort has 
yielded promising results. 

One example is the work I mentioned earlier about new low VOC coatings using 
sustainable chemistries. Last year, Rohm and Haas submitted a proposal for a DOE 
cooperative grant to research and develop new polymer technologies that can re- 
move as much as 30 percent of raw materials from the polymer particles in an acryl- 
ic emulsion, a key ingredient in paint. Working together with Archer Daniels Mid- 
land (ADM), the University of Minnesota, and the DOE, Rohm and Haas plans to 
match its novel binders with new, renewable plant-based coalescing agents from 
ADM to deliver breakthrough coatings that offer outstanding performance, environ- 
mental friendliness, and cost efficiency. When fully deployed, this new technology 
is expected to save up to 86 trillion BTUs per year. We hope to hear good news 
about our proposal soon from the DOE! 

This is precisely the type of collaboration that can accelerate critical green chem- 
istry research, and illustrates why the Green Chemistry Research and Development 
Act of 2004 is such an important bill. In addition to funding support, which more 
and more chemical companies, including my own, are seeking to supplement tight- 
ening R&D budgets, this Act encourages technology transfer between key stake- 
holders. Collaboration between industry, government, academia, and even NGOs, is 
a promising trend in research that has proven its worth, and is poised to increase 
in the coming years. This bill will encourage and accelerate that movement. 

While the bill’s research funding component may be, understandably, the most 
visible and sought after benefit, other activities included in the proposed legislation 
are equally important. The Eederal Government’s encouragement of green chemistry 
research — using incentives and other levers — and its power to promote the adoption 
and commercial application of green chemistry innovations, can exert great influ- 
ence on the direction of these endeavors. This is especially important, since recent 
history has shown us that consumers are not going to pay more simply because a 
product is labeled “green,” or was developed using green chemistry processes. 

Although “green” by itself typically is not a compelling selling point, more con- 
sumers today are taking a second look when green products demonstrate real (or 
sometimes perceived) value. Chances of successfully marketing these products in- 
crease dramatically when we can demonstrate increased performance, long-term en- 
ergy savings, or other tangible benefits for the consumer. 

For example, U.S. commercial and residential housing are responsible for more 
than 36 percent of our country’s energy consumption, and yet, the success of green 
marketing in that industry has varied widely. On the commercial side, marketing 
super efficient office buildings has been met with limited success beyond baseline 
standards set by the EPA’s Energy Star program. The return on premium costs as- 
sociated with high efficiency commercial construction cannot be realized unless 
property developers and owners hold their buildings long enough to reap utility sav- 
ings. And since turnover in commercial property ownership is commonplace, green 
marketing in this segment is not particularly successful. 

On the other hand, the story is much more positive in residential housing, where 
encouragement from NGOs and the prospects of lower energy bills (the “real value” 
I mentioned earlier) have resurrected interest in “green” homes. Spurred by con- 
sumers’ interest in smaller monthly utility bills, U.S. builders are marketing envi- 
ronmental friendly features that were unheard of in homes five or 10 years ago. Po- 
rous driveways that allow rainwater to settle back into the ground and tankless hot 
water heaters, common throughout many parts of Europe and Japan but fairly new 
in the U.S., can save up to 60 percent in energy bills. Energy efficient “low E” dou- 
ble pane windows, heating systems approaching 90 percent or better efficiency, and 
appliances that use 50 percent less energy versus those in the 1970s are now widely 
available. Hard wood flooring continues to loose market share to carpeting and lami- 
nates from recycled materials, a shift that has reduced our reliance on diminishing 
lumber supplies. 

Although some of these examples are not related to green chemistry per se, they 
do illustrate that green products can attract consumers’ attention as long as the 
products offer value with a clear payoff. Encouragement from this proposed legisla- 
tion to adopt and use products that are developed from green chemistry is a positive 
step in marketing the virtues of green technology. 
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The bill’s provision to “promote the education and training of undergraduate and 
graduate students in green chemistry science and engineering,” is another welcome 
component. As chemical companies ramp-up their green and sustainable chemistry 
research, the need for new technical talent who can hit the ground running with 
the right chemistry skills and proper mindset attuned to green technology is a win- 
ning combination. There are many companies, including my own, who have estab- 
lished special labs that focus on next generation sustainable technologies. At Rohm 
and Haas, our Green Chemistry Laboratory uses the 12 Principles of Green Chem- 
istry as a framework to focus on green opportunities without taking our eyes off of 
market realities. As these types of labs increase in number and size, chemists and 
engineering graduates with unique green chemistry skills will be in high demand. 

Finally, I do not want to short change provisions of the bill that call for the collec- 
tion and dissemination of information on green chemistry research, and the develop- 
ment of outreach venues that support knowledge transfer. It is difficult to quantify, 
but I can tell you from first hand experience that the tools supporting best practice 
sharing — conferences, symposiums, electronic forums and databases, written mate- 
rials — are critically important to the advancement of green and sustainable chem- 
istry. Bringing great minds together, no matter the method, is a force multiplier for 
diverse thought and new solutions to old problems. 

On behalf of Rohm and Haas Company, I strongly support the Green Chemistry 
Research and Development Act of 2004. This legislation provides funding that is cru- 
cial, more so today than in recent times, to accelerate green research and develop- 
ment endeavors. Provisions that develop future chemistry and engineering talent, 
and foster collaboration and the transfer of best practices, are important catalysts 
that will advance new technologies based on sound, responsible science and the 
principles of green and sustainable chemistry. 
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Statement in support of H.R. 3970 by Dr. J. Michael Fitzpatrick, President 
AND Chief Operating Officer, Rohm and Haas Company 

On behalf of the Rohm and Haas Company, I want to offer our support for the 
proposed Green Chemistry Research and Development Act of 2004. 

Within the last decade, environmental, social, and economic forces have trans- 
formed green and sustainable chemistry from merely a secondary consideration into 
a core objective of nearly every responsible company in nearly every industry. 
Today, before a new chemical compound is synthesized or a new product is designed, 
chemists and engineers step back to look holistically at the short- and long-range 
impact of their innovations. They question the type of raw materials used, and 
whether safer alternatives are available. They investigate novel manufacturing 
methods, and look for ways to reduce or eliminate dangerous byproducts. They con- 
sider inherent risks of the new product — risks to workers, communities, and end 
users — and how they can be minimized or completely avoided. 

Although you will find these activities underway daily in Rohm and Haas labs 
and production plants around the world — and in the labs and plants of other respon- 
sible companies — it is by no means easy. Significant resources are required to de- 
velop and test alternatives or brand new chemistries, and to ensure they meet strict 
environmental, risk, economic, and performance expectations. To do this success- 
fully, we believe broad collaboration is not only prudent, but necessary. 

Innovations that incorporate green chemistry will emerge and develop far more 
quickly when government, industry, academia, and even non-governmental organi- 
zations (environmental or consumer groups) work together to address common goals. 
In the last few years, we have seen many tremendous examples of two or more of 
these groups joining forces to develop commercially successful “green” step-out inno- 
vations. But much more can be done. 

With U.S. chemical companies facing record breaking energy and raw material 
prices, one cannot understate the importance of differentiated technology based on 
the principles of green chemistry. Rohm and Haas Company believes the proposed 
Green Chemistry Research and Development Act of 2004, and its associated funding, 
will provide strong support and encouragement for additional collaboration, knowl- 
edge transfer, and crucial research on a new class of green and sustainable tech- 
nologies. 

About Rohm and Haas Company 

About Rohm and Haas: Rohm and Haas is a worldwide producer of specialty 
chemicals with more than 100 plants and research facilities in 26 countries. Rohm 
and Haas technology is found in paint and coatings, adhesives and sealants, con- 
struction materials, personal computers and electronic components, household clean- 
ing products and thousands of everyday products. Additional information about 
Rohm and Haas can be found at www.rohmhaas.com. 
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ConmuHctfons «nci Pi^ AfWr* 


200 Meridian Cmter Bivd. 
Rochesttt', New VchIc 14618 
586.256.6272 
586.256.6952 fax 
Jhuttnefi9genmoor.com 


March 25, 2004 

Hbtt. Shmi/ood Boeh!^ 

House of Repressitatives 
Washington, DC 20510 

Dear Mr. Boehtert, 

I am writing to support the Green Chemistry Research and Devdopment Aet of 2004. 

As you probably are aware, Genencor and DuPont were the recipients of the President’s Gterai 
Chemistiy Award last year for our coUaboration on a biodmived polymear calM Sorona™. That 
product starts with com starch as a raw material to produce a polymer that has ^tecial {noperties that 
make it a very de»rable product for maldr® new fibm for carpets, performance ftbrics and molded 
plastics. The product cannot be economically made fiom fos^ foei. 

But more importantly, the product is one of the fost potential high-value products that can be produced 
in a “biorefinety” that uses renewable raw materials for the production of chemicals, foels and materials. 
The Wobased economy that wil! emerge as biorofinoies take thdr place alongside ofl refineries should 
m^Fove the ^iviroonumtel proBle of luai]^ industriai sectors. 

Furtherrore, the application of biocatalysts and bio[«ocesses in industrial processes generally reduces 
the environmental footprint of any gven process. ■&» improved poformance has been amply reported 
by the OECD in thar study: “The Applicatkm of Biotechnology to Industrial Sustainability” and by the 
National Research Council’s report: “Biobased Industriai Products”. The OECD report highlights 21 
case studies of the environmental gains frcmi using enrymes to r^lace other tradhionai catalytic steps in 
a variety of settings. 

The Green Cbanistry Research and Development Act of 2(M)4 should acedmate the adt^tion of green 
chemistry in the marketplace. Thank you for your support of this important initiative. 



cc: Hon. David Gaimen, Assistant Secretary for EERE, DOE 

Douglas Kaempf Biomass Program Mana^, DOE 
Brent Erickson, vice presideat, BIO 



122 
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fOU UKKElMrE AELEJSE 

lirinf Kfalilk Histy taflu ifwv fbinhini 111 

Tht'.^icnsii tlraic^ Uunr irdiy anvvV lili-imn L'krutb? .binrdh 

■nl'^nV^cn !^ 3 «W. IniwKiphj Mif(h It. ■,■11 i^lrmr 

duiH^iTL «d ||LtjhM<l La irroi clnblT) c=iu4 ud 

ClhibfVMU 

rtd 4iY"i^uiuiferi pnim aijllc tm anritlli.|j^^ if ^lilkv Lii 

ptei-Miii I n l}r fnl jiao:, im liriWJi|hH V4<|ki-drij k^ivsbin ivill br 
CRTuJ.''Asi:Rln 0 ifr AC'S Pn4d(fii Cbllki CUrj "drcm L-fsTudiy pUfTJ crrmuJ 
nk tniu: h IbcnJIr infci ro-ElAd|f ■hrof&Jlicfi byJaijMp dcucrnJ ufT 
[Ndc^i^^firi pKpi'tMa up fruri — ihitiELi«.!i] ihc hon aTfviliJiM 
pnnMkiP" 

m ■ IrlfcT ta ftcp Kil aiipi}f(H-rU.h, ruh of Ik Grm CJmrtj 

Rcnirfe nJ Cki-ch^w Asi nr?r»^. priJm iM ilWiitacf inprui m ifi b^-#K 
ITie low EirJKl4f^‘*||[| i Uath IT Hhdc Haan ■.'anruMC buvu m 
till 

^lr>ltr ik Ml. Lk Ndml kd^al'rtiMidiKlq M<J T«fcK^L^T_*K NdknJ ^cttke 
JnnlAm. ■#« liaviJKniud P^m^,l\iy^ AnJ Ik D^**Trrt grimiCT waiU 

■Kvtk iBfTlkrra citiiu Itnd^ i)nd iMi:cdniliQ!i orpundmiarr tl^l. Ik 
inmi.iK^'pfrpifi wixM iurril-Ri-RwtJ |#au u- ndrrhtid nufdivi; 

^Ni^rt-|P>Aifr> pifliET^ki^ UJ>nJ IcdKkfvnraJirH M'P'.jy 

lilOOdwaiOn-BpJ Liuibi uTinksinduu ud|^EKt-|iR< -HiiJ^H^ \i |^c4ii 1 ^ 001*7 
MkiKr ad crymriif. 


I 111 ■«»«»+. - T I II ,».la J-att ■ imr ■ Tii.- Ul Jr3.il» > 

■***^ • ' ■ • m \ • 


pvOiW^pA^k-wa 
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Acoordint lo Casfj, "UKsn (h«n^ iwhiBkif »« hmK dmirald wkb-. improwel 
AAlfe ly uul Enied Irdkisu^' niiHit:>. Thi mioiuJLiniuie of pluniti from. r<ncHiahk' 
fEodsiKki^ IheinhsiEn DfplunnKMUllGil s:iTilhFsi] Id rsducr wbe«, ind Ihe 

offalol^Tb Ihill loicinr''^ -ninny -rflkinKy shfru- Ihol Ihnr IcvInKikiiK; f-in 
h mviramnldly ?nil -cvinioniicilRy -^inblr " Elul. hr DiUtiL ''yi-AKtanliHl -Kivnlirir und 
cnEirtminn. tfplirnjvj rprriFin lifnE-KTlh [l*r) in flrtJ =•[=» t'J“'lly 

Ilu AC.3L, tlte- wotfld'i iHgKi iuiffiuilL axiliiy, wldi ic: fireca L'heniisiry l[uii!niK'. hu 
jkUycil D iKdij^ iial± iD odvimseg Uu ccncefc of imprcnvDg die enviroaiueiTi ihroi)^ 
■zhnukiuy. 




Rjclnrwd n5f|7f2W4 
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Statement by the American Chemistry Council 

AMERICAN CHEMISTRY COUNCIL SUPPORTS COORDI- 
NATED FEDERAL GREEN CHEMISTRY R&D PROGRAM 

The American Chemistry Council (ACC) supports the establishment of an inter- 
agency research and development program to coordinate federal green chemistry 
R&D, such as efforts outlined in the Green Chemistry Research and Development Act 
of 2004. A coordinated approach would increase efficiency and help identify appro- 
priate goals for a federal green chemistry R&D program. 

Green chemistry looks at the life cycle of chemical products — benefits, sustain- 
ability, potential risks and other attributes — to help develop products that bring 
value to society while reducing environmental impact. 

Chemical makers fully recognize the benefits of R&D. In fact, the business of 
chemistry spends more on R&D than any other private sector. Chemical makers 
share a common interest with the Federal Government in conducting research that 
leads to the development of alternatives or new chemistries, while meeting strict en- 
vironmental, risk, economic and performance expectations. 

While R&D often is an inviting target for budget reductions in the private and 
public sectors, the Federal Government should focus on making R&D programs 
more productive. Despite the difficult economic conditions in the industry and ef- 
forts by many companies to reduce spending, chemical makers have become more 
efficient users of R&D dollars by reducing bureaucracy, thereby retaining research- 
ers at the bench who generate the new concepts and ideas that ultimately enrich 
the future for all Americans and the world. 

http:! / www.accnewsmedia.com 

The American Chemistry Council (ACC) represents the leading companies en- 
gaged in the business of chemistry. ACC members apply the science of chemistry 
to make innovative products and services that make people’s lives better, healthier 
and safer. ACC is committed to improved environmental, health and safety perform- 
ance through Responsible Care, common sense advocacy designed to address major 
public policy issues, and health and environmental research and product testing. 
The business of chemistry is a $460 billion enterprise and a key element of the Na- 
tion’s economy. It is the Nation’s largest exporter, accounting for ten cents out of 
every dollar in U.S. exports. Chemistry companies invest more in research and de- 
velopment than any other business sector. Safety and security have always been pri- 
mary concerns of ACC members, and they have intensified their efforts, working 
closely with government agencies to improve security and to defend against any 
threat to the Nation’s critical infrastructure. 



